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ABSTRACT

"Water Measurement Procedures" was written primsrily for use in the
Irrigation Operators' Workshop classes as a teaching aid in presenting the
" fundementals of water measurement to field personnel engaged in irrigation
. work. Technical material has been simplified to an ultimate degree to pro--
vide a clesrer understanding of water measurement devices and procedures. -
Basic hydraulics presented includes the discharge equatiom, velocity head
. . concept, orifice and weir relationships, and the effect '/Sf.submergence.' :
- Weirs are used to indicate the influence on accuracy of approach flow,
"~ ““turbulence, rough water surface, and poor flow patterns. Factaors affect-
.ing the accuracy of meesurement such as worn equipment, infrequent head
- measurement, use of wrong measuring/’,,;{-device, and others are analyzed. - ‘
© ‘Commonly used devices and methods/dre discussed including orifices, weirs,
. venturi meters, flumes, ‘meter gates, constant head turnouts and propeller .
7 meters; new devices and methods include vane deflection meters, acoustic
" . and magnetic meters, and the dilution and radioisotope methods of measure-
' ment. Hints for troubleshooting poorly operating devices, suggestions to - °°
. . operators on how to do a-good job, and-a selected resding list for . = =
" - -operators are given. .. e G e . S

. 'DESCRIPTORS-- ‘#hydraulics/ #*hydraulie structures/ *discharge measurement/.- .
. sirrigation/ water delivery/ #water measurement/ open chamnel flow/ errors/
.. closed conduit flow/ discharge coefficients/ weirs/ orifices/ water meters/  ::
' -water metering/ irrigation 0&M/ turbulent flow/ venturi meters/ instruction/

venturi flumes/ submerged orifices/ radioactive isotopes/ veloeity/ field -

‘investigations/ flow meters/ bibliographies/ submergence/ instrumentation =
. IDENTIFIERS:- textbooks/ Irrigation Operators Workshop/ dilution method/

~acoustie 'flow meters/ magnetic flow meters/ constant-head orifices/ vame :-

- deflection meters
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Water Measurement Procedures
Irr:lgn.tion Operstors' Workshop--—l%fv
This report con ains accumulated 1ecture notes "Water Measurement
- * Procedures" presented during 5. consecutive years of "Irrigation =
- . (Operators" Workshop" meet:ngs conducted by the Bureau of Reclemation, :
-Chief Engineer's. Office, in the Deaver Federal Center, Denver, - Colorado.
“In previous Yyears, the notes were made availsble only to the Workshop =~ -

_""','-*participants. _However, ‘because of incressing general interzit and.
- numerous requests for: information on water measurement these notes

. “have ‘been reproduced as a Hydrauliecs ‘Branch: Report to make them more
' _"accessible to°a greater number of readers. :
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FOREWORD

These._notes cantain the essential parts of four previous workshop
sessions presented in 1961, 1962, 1963, and 1964, A new section
on propeller meters has been added; other new develcpments have
been included; and scme of the original material has been edited
- to. provide a clearer- understanding of ‘water measuring procedures
and practices : : . ‘

Standard and nonstandard dev1ces are defined and their 1mp11catlons
in regard to water measurement are discussed

:Mater measuring devices and methods are classified under three cate-
. gories: (1) the velocity device, (2) the head device, and (3) mis-
'cellaneous devices including chemical and dye dilution methods,

“total count radioisotope methods magnetic methods and sonic methods.

~uUnder "Some Basic-Hydraulics," the concepts of the-discharge equation .
and .veldeity head are developed; these two concepts are used to .
derive the basic equations for both orifice and weir discharge u31ng
the 31mp1est methods p0551b1e. -Several of the general aspects of.
water measurement accuracy are also dlscussed '

Flumes and welrs probably the most commcnly used dev1ces are used

to furnish. examples of good and poor water measurement practices

"This- is done because the majority of 1rr1gation cperators are more

- familiar- w1th these devices and not because it is desired:to com~

demn or praise these structures as measuring devices, " Furthermore,

' the effects of good and bad measurement practices are often visible
., on'welrs or flumes and are not v151b1e 1n scme of the more sophisti-

:‘p- cated measuring dev1ces.i N : Co -

After a. general explanation of the Simpler dev1ces has been made, S

‘more complicated devices and techniques such as the. submerged orifice.

meter, Venturi meter, metergate, end constant-head orlflce turnout -

easuring dev1ce and propeller meters are described

Hints are given for troubleshooting metering devices suspected of
being 1naccurate and 1nstruct1omsaregiven for -selecting the. proper . .. -
“pige.apd’ obtaining proper 1nsta11ation of” metergates and canstent- ..
head orlflce meters L _ e }f 3774

Progress 4in water measuring techmiques including‘the chemical dilution e
'“ and radioisotope methods 'is reported, and an evaluation of commercially .
- available ‘cpen channel .deflection meter is given. 'Progress:in the o
development. of - magnetic and scoustic meters is reported A list of"
-reference;material and a chart shnwing the head required to operats




NEFD FOR IMFROVING WATER MEASURTNG
DEVICES AND TECHNIQUES

#
-

It is impossible at the moment to overstate the need for an improved
water measuring rrogram, nobt only in your district, project, or .
‘region, but nationwide, and even worldwide. - The population explo-
sion and the shifting of the population center of the tnited States
- "~ toward the West is causing concern in that water needs may even~ : .
- : tually 1imit this movement. According to the latest figures if we = = .
TR _ ~ account for births, deaths, Immigrants, and emigrants, we have a : .

- . C new person arriving on the scene every 10 seconds; 5,000 e day;

. - 3,000,000 a year. By the end of the century the popxlation will

- . " have doubled. Twice as many people--the same amownt of water. .

- ‘Within the next decade, every water supply, not only those in the
West but. throughout the United States, will be critically examined
to determine quantity, use, and waste. FPlans will be formulsted
for . exbending “the use of the water.. '

One way to increase 'bhe a‘mi'l.a.ble wa:ber, o:E _course; is to #ind new L f
water sources. ‘This is not always possible and is usually costly. e /
The other way 15 to conserve and equitebly distribute the water D S |
. now developed ‘apd available. This latter course is ususlly pos- = B |
slble and less expensive. We are interested in the latter course ' .
‘because this is our business and, as all of you know, more exten- | e
slve use of the available wa.ter can be made 1f all measuring devices
are accurate and dependable at ell times and the best water manage-
ment procedures are followed at all times. It 1e, therefore, = -
- important that every attempt be made to upgrade exist:\‘n’ Owater
measuring devices, not only in ditches, laterals, and ca.nals > hut
in the supply systems as well. - Every cuble foot of water saved .
a5 e result of improving: “the measuring devices is more valuable ©
 than 'a similar -amount obtained from a new source because the sa.ved
o "va.ter can. ‘be prod.uced. a.t considerably less cost. ‘

SRR Acm:ra.cy in wa.ta' mea.surement :I.s therefore of prime impor'ba.nce in :
...7-  the operation of any water d.istribution system. Even though a sur- . .-
o -plusof water may now exist on your project, 1t-is time to'begin - - .
r'.a.ccurate a.cccrunl:ing of what heppens to your water. A recent experi- ' S
- .enee on‘a project. actively engaged. in upgrading water messurement
. .Gevices and procedures will: serve as & good example. A water user
" entitled %o 1 -cuble. foot per second ‘bhad been receiving up to 5 cfs
: "-"beca.use water hed been plentiful and no. a.ccurate nmeasuring device . . -
“. ' ’had ‘been installed at his turnout. Vhen‘a new meter wes installed -
., " and L cfs was delivered, he complained thaet his new concrete field
__fd.istri'bution system would not operate - properly .and ‘much of his
. -acreage “would ‘have ‘to go without water until he could cha.nge\the '
..--3.'-.-'j-e1eva.tion and slope of his ditches. oo n _ R
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This a.c"aual occurrence ﬁlush:‘atee another po:.nt vhich is :meortant
~ in watzr measurement. Practically. gl) measuring devices, when in .
- rundcim condition or when improperly instelled, deliver more water .. .
' thar’they indicate they are delivering. ‘The very nature -of most R .
'meeswing devices makes it impossible ‘for a device to deiiver less
-wz.ter than it indicates.; For this reason, water accounting records' =
-nay not show ‘a-proper - d.:Lvision 'between water used and water lost- :
/throrugh Seepage or -wasté. . Proper evaluation of losses 1is- necessar:r :
/ to establish the economic advigability of providing canal linings. L N
Cenel 1inings o'bv:i.o* ,Bly cannot help to recover wa:l:er lost t.hrough S " '
/i-f/ o :pom mea.suring equipment or- In'ocedm'es. : , , AR -

(S The purpose of this preeenta.tion is: to discues 'l:.he fe.ctors 1n ﬂcw ok . B
/e ';measurment devices which affect the accuracy of discharge mepsure~ v .. '
~;4 - memt.’ To.accomplish this, it is necessary to wilerstand ‘the basic: -

© flow prineiples involved and to know how emch ﬂ.ow factor:can .

influence the flow mmn‘bity indicated. By upgrading -existing meas--

urement devices or by properly :I.nstalling and meiptalning new . .
~ devices, considerable quantities of water can be made avalleble
. -“Por'new uses. This "new'" water can be produced at considerably
- less-cost- _tha.n can & . s:.miler_ quentity be: developed fram'a new source.

S.EAI)B)ARD AND NWS’BAMJARD DEV'ICES

e I't ha.e been sa.id 'I:ha.t ‘8 waterlogged 'boot 'ﬂhich is pe.rtie.lly block- EAR
. ing’ 'hhe i‘lcm in ‘a-ditch canbe a megsuring device~~if it is. properly
. calibrated. ..Certainly the boot would be: a nonstandard device - i
- .. “because mo ‘discharge tables or curves are -avellsble from which to = . . -
L =determz.ne the discha.rge. Many other devices ineliding certain.
. weirs, flmnes, ‘etel, are also. nonstanﬁard 'beca.use they have not .
“been installed correctly: and, : therefore, do -not: ‘produce. standard S e
. .ddscharges.. ‘Although these coumonly used devices may appear to be R
© .stapdard: devices » closer ins:pection often reveals that they are -
... 'noty and Yike the boot > must be r-a.libra.ted to prorvide accurate
._'measurements. s S r > _ -
.-.A truly standard de'vice is one’ 'Wh:LCh ha.s been fu].‘l.} deacribed
. —.;B.CCI.II'atElY ‘calibrated, correctly installed, ‘and sufficiently ma.in—-.u P
“%ained o :E‘ulﬁ_'l_'l. the original: requirements., Standard - discha.rge I R
“tables or: curves mear ‘chen 'be relied upon 'l:o prov-.lde a.ccura.te water R
measurements. S _ . i T

_ A.ny mea.m.lr:mg d.ev:l.ce, -therefore i :I.s nons'ba.ndarﬂ. AL 11: ha.s been
- installed 'improperly, is: :poorly ma.in'bained, is'operated .above or
below the prescribed . limits, or has poor approach (or getaway) :

fluw T ‘nditions Accnra‘be discha.rges :Eran nonstanda.rd stzuc‘bures



Calibration tests can be quite costly when properly performed.
Ratings mst be made at fairly close discharge Intervals over the

- ‘ecamilete opersting range, and curves and/cr tebles prepared. Tt

is, therefore, less costly and usually not too difficult to instsll
standard devices and maintain them in good condition. Standard

- discharge tables may then be used with full confidence. '

. In painteining a stendard structure it is only necessary to visually
- check & few specified items or dimensions to be sure that the
measuring device has not departed from the standard. In maintain-
ing & nonstandard device it is difficult to determine by visual
‘inspection vhether accuracy is being maintained except by recali-
bra.tion.

To upgrade existing water measwring devices and improve the quality
of installation of new devices it is necessary to wnderstand same

‘of the basic principles which influence the quantity of water passed
by & megsuring structmre. Most devices measure discharge indirectly,
1.e., velocity or head is measured directly and prepared tsbles are -
used to obtain the discharge. Measuring devices be c¢lassified,
‘therefore, in two groups: (1) velocity type and (2 ‘head 'l:ype

.~ Those using the velocity principle include:

- -I‘loa.t -and stopwatch =
‘B. Current meters
C. Clausen-Pierce weir gage (or stick) -
. De Propeller meters
_ E+ Flow boxes - )
P. _Va.ne deflection me'bers

_’Wheﬁwthe veloci (V) principle is used, the area of the stream
.eross-section (A) must ’oe mea.sm.-ed and the d.ischarge (Q) canptrl;ed
~Trom Q"AV-*' ' _ _ _ S

;:Devices *us:ug the head principle incluﬂe. _

A.' ,Rectan.gular welrs
B. . V-notch or multiple. notched weirs
Ce " Cipaletti welr - : .
- Da Parshall flume
.. Ba .M&terga.tes S o
. F. _Oriﬁ.ce or ventm'i me'l:.ers

When -bhe head (H) princ:lple 18 used,' .the discharge (Q) may be com~
~puted from an: equation .Buch_as the_one used. for a sharp-m:-ested

..;}rectangular weir of 1ength L, R

"-'r




Q-..@k:

. The area of the croee-eection (AJ doee not qppear directly'in the o
.-eqpetion'but Cy,a coeificient, does. C can vary over a wide renge

R & 3 - nonstanﬂerd 1n3talletion'but 1t ie well aefined far stanﬂard
?~1nstelletione.~g- o

L Spec1a1 methods and dev1ces may also be used and these include
" dilution methods which utilize chemicals or redioisotOpes, acoustic
. or magnetic. meters, Pitot tubes, taperea-tube-andufloat dev1cea, and

- many‘ others which are not commonly used, In the dilution method the __'.'-..t.
:t-discharge is' determined by calculatlng the. quantity of water necessary_izr "

ot dilute a known.quantity of concentrated chemical, dye, or radio--
‘ﬁisotope solutlon -injected into a- floulng stream, to the: strength

*.obtained by sampllng the gtream after thorough mixing bas taken plaoe. :

" Chemical analysis, ‘color comparison, or:gamma ray counting may be. usedr
' to determine the- degree of dilution of:the. Anjected’ sample. In the .
:;acoustic meter the variation in'velocity of a sound ‘pulse produced by

" the ‘water velocity is used to determine the average water velocity of t';.

- the flow. In the. magnetic meter the: floulng water disturbs the lines
. -of force 'in a magnetic field to produce a voltage that can be related

.to the dlscharge. Pitot tubes and tapered-tube-and-float deV1ces x'sa;f-"”*

g:utillze the veloclty head to 1ndicate velocity._;-..

DEBIENPIGN GF DISCHARGE EQUHIIGN

The vdlume of e eﬁbe (Figure 1) mey‘be"iha o
;nnﬂiﬂ;ﬁsing a timee‘b timee c;u..:;_j




‘ﬂmevohmofacylindfer(acpipe)my
be similarly found (Figure 2). Tf the
;Aiorthecylidﬂ'is.? sq_fl:a.nﬂl is
_”IL”:Et_then




' The first besic eguation s

It has ubeen mma 'by d.-u-ect measu-:-ement 'I.'.hat an o'b,ject (m:ma.mg
‘water) falling from rest will fall 16.1 feet in the Pirst ‘secand.

‘Because .of the' ‘continuing acceleration ca.used by gra.vi'by, the .
fo'b.‘jec'l:‘irill fa:.l 61+ l+ feet in 2 aecond.s, etc., as’ shoun in. Ta.ble 1. i

t the .end of ‘the Tirst second the velocitywi].‘l. 'be twice: 'l:he ver-'." E

ical ‘fall ‘distance (because'the. cbject started from rest at zero
yelocity) or 32.2 feet per. second, Ta:ble 1.- '.Eherefore, 'bhe‘
.eration due 't ‘_.gravity is 32. '

38 _,.is;;consta.zrb, #'I:he velocity
for -ea.ch succeed:l.ng second. ;
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Eh:ls rela.tiunahip :ls “*he. 'haaie veir«'?cr"ula a.nd can be mod.iﬁed. to
account for weir bilade shape and velocity of approach. ‘However,
© €. mst be determined by calibration tests carefully conducted. - -
S usmlly varies from ebout 3. 5 fora bruad—crested we:l.r to a'bout
3.8 or more- ror a s]:nm-cnested veir. e

f!l.‘he two emplea given ipdicate that d:!.acharge detem:l.m.tion mthoda_'_ :
~are a mixrture of rationalized thinking dnd coefficient evalmtion. - -

' The equations are useful in meking calibretions becsuse they reduce
- the pumber of ‘ealibretion points req;uired. to make up a c‘l.iscm:cge

~ table. However, the equations alone will not suffice without surfi¥ o
o _cient testiug to ‘establish the va.'!.ue of c. - ‘ o :

 GENERAL ASPECT s‘m-'ﬁmm ]
MEASUREMENT ACCURACY

""‘?;-‘:‘In this’ portion o:t‘ the tert genez'a.l a.spects of va.ter measnrenent

S a.ccuracr will be considered The perfomnce of weirs and f.l.unes\ -
" will be used to 1llustrate: flow apnd aceuracy prineiples 'beca.use the’

'avemge irrigation’ opera.tor is.more familiexr with their use. Also, '
ey of the n.ctors wvhich adversely affect accuracy are vieible oni .

. - ‘these devices and are invisible on closed system devices. lh.r.ur or*
7 the' facts’ and principles ‘established for weirs and flumes also =

:a:pp:l:y %o other water measuring devices. . '.l'h_eﬂe principles will be

ter‘measuring sta.tinn to Jﬁge or. eva.lua,te '.I.ts

curacy, it should be determined whether the. device i87) .

"?relocity ' ur:l.ng ‘station.  This 1s the key to the oni.er
! in. either case;” the ﬁrst




messuring device. Errors of 20 percent are not uncommon and may
 be a5 large as 50 percent or more, if the approach flow conditions
. .‘are very pocr. Sand, gravel, or ‘sediment bars submerged in the
.. approach chamnel,, - weeds or riprap cbstructiocns zlong the banks or
- .in the flow area’ can cause unsymmetricel approach flow. Other '
- .cguses may ‘be too little distance downstream fram-m drop, check,
~ turnout or other scurce.of high velocity or concentrated flow, e
" bend or.angle in the chammel just upstresm from the measiring -
- device, ‘a too rapid expansion ip the flow sec'bion', o:r an ed.dy tenﬂ.-
_ing to conce:rl:rate the :f.'].ow CrOS8S section. :

' -:Figtn‘eBshowsanexample ofapoor a.pproachtoawei:. Thehigh-
velocity,: turbulent streem is approeching the welr at a consider-
- eble angle. Head messurement ‘is-difficult because of the high
“ooveloeity epproach flow -and the weves on the surface.. This weir
Wil not discharge a "Btania.rd“ qua.ntity of walter consisten‘b with
: "bhe mea.sured heaﬁ. : ,

ST S‘ba.ndaxﬂ. 'ueir insta.:.la.tions i'or rectane;lﬂ.ar, Cipoletti, a.nd. 90 _
“ . V~-notch welrs are shown in Figure 9. The velocity of -approach to
" .pwelr ;should ‘be less than 0.5 foot per second. ‘This value is . .
“‘obteined by dividing the maximm discharge by the produc‘l: of chan-- e
- mel, width B and depth G mea.sured. a.‘l: 8 point 1I-H to 6H upstremn from -
the 'ble.de. i ‘ _ S

Tur'bulence -

P “*ZTin-bulence is. the result of rela'bively small volmes oi‘ mter spin- AR
‘:ning in a - random pa.ttem within the flow mass -as 1t moves downstream.
o Th may be recognizcél a8 m‘ber surface boils or- 3-dimensiona.'l. eddies: -
- whieh: :appear and. disappear in a hapha.za.rﬂ. way. ' Because of this . T
Locsl motion within the general motion of the flow mass, any pa:—bi-
cle of’ wa.ter ma.y at any: given 4nstent be moving forward., s:a.dewa;,rs, e
vertically ‘or even backward. In effect, then, the water is. ‘pass- R
“ing &’ given ‘point’ with'a start a.nrl -stop ‘motion: ra.ther than with a
-?uniform velocity which is 1deel. It: may ‘be sa.:’l.d that 'burbulent
vater does not flow as a train of rallroad cars on'a level tracI:, L
but’ rather a8 B “%rain of cars coupleél with elastic 'ba.mis . tra.veling
ovc.r a; series oi' rises, ‘@dps, and horizontal curves. . Thus, fewer
or: more cars :nay- ‘pess a:given: point over: iden‘l:ica.l short period.s
of ‘time,: depending} on the observa'bion poirrl: chosen. Tur‘bulent

Tm"bulence ca.n 'be P
causeﬂ. by a.ir en‘l::ﬂ'ein-‘




Poor approach flow conditions upstream from weir. The high-
velocity, turbulent stream is approaching the weir at a consider-
gble angle. Head measurement 1s difficuilt, and wler does nct
discharge a "standard” quentity. PX-D-30664

Fgure 8

_Teahy H Measured 90° v-notch weir
Flow % “43°

obove crofch--- _ | P& B may be
oy held to min

; |
DETAIL OF values)
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location of Cipoletti weir

--Emergency
placement
of staff goge
Rectanqulor weir

--Dischorge
0=Av
=(ac)v

Greatest accuracy
occurs neor upper

WEJR PROPORTIONS '™dlmth=z
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Figure 9




- caused by & stilling basin or other energy dissipator immediately
- upstream, by a sudden drop in water surface or by cbstructlons in
the flow area such as operating or nonopera.ting turnouts. having
;pro;jec‘bions or :uﬁexrtstions from the net area. Shallow flow passing
- over a rough or steep bottam can also be the cause. Weeds or riprap
" slumped into the flow area or along the banks, or sediment deposits -
'_-@sl:resm from the measuring device also can ca.use excessive: 'l:ur'bulence.: -

.Mes.su:ring errors of up to 10 percent ar more can ‘be caused by exces-
" slve turbulence and 1t 1s absolute necessary that all visible signs
of” 'bur‘bulence be el:l.ms.ted. upstream f‘rcm g, mes.suring dev:lce.

R ' Wa.ter Surfa.ce '

"A rough water surfa.ce, other than wind genera.ted waves, can usually
be elimineted by reducing turbulence or improving the distribution
-of the a.pproach flow. A rough water surface can cause errors in.
g discha.rge measurements When it 15 necessary to (1) read a staff
" gage to determine head, or (2) determine the cross-sectional area
‘.of the flow. A stilling well will help to reduce errcrs in head '
measurement but every sttempt should be made to reduce the water
surfa.ce distur‘bances as much es possible before relying on the wel_‘L.

',,Etrrors of 10 to 20 percenb are ncrt: uncezmon 1f a choppy water sur-
fece mekes it impossible to determine the head accurately. It is
_scmetimes necessary to resort to specially constructed wave damping

. 'devices to cbtain a-smooth water surface. Figure 10 shows a sche- :

. matlic of an underpass type of wave s-uppressor successfully used in ¢

' 'both large and small. channels. : .

Timberor . Waves 60 to-93 percent
Concrete <~~~ . o5 high as upstream-

o]
|

§—<-. .

¢ GLENGTHL - ‘PERCENT WAVE-REDUCT|ON = .
DL TO 15D L . oo 80 TD 75
20 TQ- 280 -\ .- - 80 TD 88
3som4oo- 1 90 ToU93.

e ngrelo S ‘ :
UNDERPASS WAVE SUPPRESSOR SECTION




P245-D-306 6

Turbulence and waves in a Parshall flume produced by en outlet
works stilling basin made accurate discharge determinstion impos-

sible. XLog raft in foreground, used in futile athempt to qulet
the flow, is inoperative. FRU5-D-30666

Filgure 11

Underpass-type wave suppressor significantly reduces turbulence
end waves in Parshall flume, making accurate discharge determination
& routine matter. Compare with Figure 4. P2U5-D-30663.

Flgure 12

sh-20




. "The chsnnelmav be ei'l:her rectangw.a.r or 'l:rapezoicwl in cross o
L . Haves :mey be reduced as much as 93 ‘percert by construct-— =
_.ing ‘the suppressor four times as long. as the: flow As deep. A "7
'?'.sl:!ght ‘backwater effec‘l; is produced by, the suppressor Lor the most

-effective vertical placement. . The suppressor mey be s on g L

-plars, ‘con‘be ' constructed of wool or.concrete, andl need nut ‘be o
watertight. :The design of severel-gther types of suppressars, - -
-along -with: sample ‘problems, is. eovered in. Engineering Monograph :
Ho: 25, a.vaila.ble “$hrough the Chief: Enginee.r'stffice, Denver, -

Colorado. Figures 11 and 12 ('before and a.ftm;) show the effecti;v:s—‘ .

TR rVeIacHy head h= szaq'
' l Accelemtmn dueta e
gruw'ry = 32 2

"'ThIS spoce mu51 he ‘
ven‘red ‘ru u‘rmnsphere




A drop in vater surfaece of 0.1 foot is not uncommon just sbove a
welr and (from the equation sbove) represemts an incresse in veloe-
1ty of 0.8 foot per second, If the head on the weir is measured
too close to the weir, the heni memsurement can be 0.1 foob too
small. For & welr 6 fect long and discharging 7 cubic feet per
seconi, the corresponding error in discharge would be gbout 35 per-
cent, assuming that the indicated or reported discharge was

5.1 secomd-feet.

Stamdard veir tables are based on the measured head on the weir
{velocity head negligibvle) and do not compensate for excessive
veloelty head. Any increase in veloclty above standard conditions,
therafore, will result in measmring less than the true head on the
welr sod more waber will be delivered than is measured.

Causes of excessive velocity head include (1) too shallew a po
upstream fram the welr; (2) deposits in the upstresm pool,
Fgure 14, and (3) poor lateral veloeity distribution upstream
from the weir, Figure 8.
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Poor FJ.ow Pattern 2

Tt is often folmﬁ. that the poor flow dist::'ibtrtion which exists
upstresm from a measuring device camnot be resclved on the basis

of any one of the sbove-discussed causes. - The best salution then

© . 518 to essume that several or more basic causes have together :
"’can.eeﬂ the difficulty. Starting with the easy factors, work -

“through the list, im_proving each proébable cause of poor ﬂow '_nat- '

texrns mti_'L the desired. flow conditions are o'bta.:l.ned

i~

: Operating or nonopemting turnouts loca.ted ,just upstream ﬂ:‘cm &
‘measuring device may . cause poor approach conditions as mey bridge
piers, chammel curves, or a skewed measuring section. Relocating-
the mea.suring device maar ‘be the onl:r remed.ar in these cases.

Submergeﬂ. weeds or. de'bris can cause excessive tm-bulence or loeal -
 high velocity currents. Eidies adjacent to the shore line can -
‘ceuse the flow approaching a welr to contract into a narrow. ‘bord.

 ‘Sediment bars deposited from inflow or from sloughing banks can
" BlBo produce undesirable flow conditions More drastic renedia.l
megsures” include deepening the approach a.rea., widening the approach
< o make 1t symnetrical, or imtroducing baffles or other devices:
S b spregd the incoming flow over the emtire width of the -approath.
* - Burface waves are usually very difficult to reduce or eliminate by
: ~ ordinery procedures. These may . req;u:l.re specia.l trea:hnent, as dis-
_ cussed under "Rough Wa.ter Surface. N

: Exit Flc:w Cond.itione

: Mt i’low conditions can cause ag. nmch flow meaauranent error as
- ;same of the a.pproa.ch flow problems. -However, in mctice, these
~ 7 conditions are seldem encountered. ‘In general, 1t is sufficlent
/" %o be .sure that backwater -does not occur sufficie:rtly to ‘submerge
QX tend 1o :submerge & device designed for free flow. Occasiona.lly :
S “Parshall flume 1s-8et too low and backweter submerges the throat
e.xceasively .at. bigh discharges.: E:tremely large errors in dis-
Lo charge ‘measurenent can be introduced in this: mamer. - The only
-7 remedy 15 to relse the flume, unless same local cbetruction down-
.~ stresm can be- moved to reduce the backweter. Weirs should dis-
. cherge freely rather +than :submerged, although a slight submergence
-,/ (the backwnter mayirise above the crest up to 10 percemt of the -
headg ‘reduces the diacharge & negligi’ble amount (less: than 1 per-

) . Submevgénce may not affect the discharge &s
ch - as “the ;possi'ble lack ‘of ‘nappe ventilation as'a result cof the
sing Jbackwater.’ ""Go.tea cali‘bratou for free discharge at. partial
| openings showld not be submerged nor should ‘eddies interfere with - ~ =~
i the Jet: of_ wa.te:r issui:g :E'rcm the ga.tc. Geging sta.tions should be e




3 ke:p'b free of d.eposi‘bed. seﬂ:!metrb bars or other obstructions %o pre-
vent backflow or eddies from Interfering with the uniform flow con-
“ddtions which should exist in the cross section being measured.. -
The underside of weir nappes ‘should be ventilated sufficiently to
provide neax. amc yressure 'benea.th “the pappe; between the - .
Mnappemfaceanﬂthedmmstremfa.ce of'bheweir,Figurele. '

| _Irthena,ppeclings tothe downstream side oftheweir (does not foe
' spring -clear) the weir may discharge 25 percent mare water than the
" heed reeding indicates. An emsy test for sufficient ventilation
 is toparbthe nappe dmmstreamﬁ-antheblade for a.manentw:l.th
‘the hand or.a shovel, to.ellow a full supply. of alr to emter. .
"benea.t.hthenappe Afterrencv:l.ngthehanﬁorshovel, the na;ppe
_ should mot gradually become.depressed (over a period of several
. .or more mimites) towerd the welr blede. If the upper ‘rappe rofile
- remains the same:es it was while fully vexrb:lla.teﬂ. it maar be assumed .
'f'l:ha.t the welr ha.a sui‘ficient ventila.tion. Vi

‘ ]EQU]I’HEWI GEARA.GI‘ERIS.EICS BE)UCING ACCURAC!' QF Mmsuamm

'Mea.au:d.ng d.evices thenselves may 'be a:b fa.ult in producing mea.sur—
& mtrl‘.oerrora rather than the flow conditions discussed in the previ
ous Section. The faults may be-divided imto two 'I:ypes--those
--cau.sed. by nomal weax : ani 'bea.r, a.nd those resulting from poor

"'_‘-‘.:Wea.thered a.nd 'i-lorn EEEE. 'E j';'

,_An melcane ‘but fairly common sie.‘ht on - clder iITis&tion Srstms g
! _;-.j;a;-e weir. 'blad.es, which were ‘once smooth .and sharp, in'a ssd state. -
Lo disrepa.:l.r - Edges .are’ d.ull and dented, the blade 1is pitted with )
. large  Tust: tu‘bercles—-rweir pla.tes are discontinum;s 'u'.t.th the bulk=- - -
.. ¢ ‘hesds- and are-not verticals Welr blades ‘have: sagged and ere no .- o
“. o s longer. level.  ‘Staff .gages are worn and difficult to resd. Still-. - -
}E:;_f:l.ng well intakes are buried. 4n:gsediment or partl,v blocked 'by weeds .
or .debris. Parshall:flumes:ere frost. ‘heaved and out'of level, -

BTN jlieter gates are parbly cloggea 'u:l'th Ba.‘nd or de'bris a.nd the gate :

‘Ehese and. other foms of deterioration are oﬂ:en the causes of
. serious.errors - in discharge. mea.mn-anents. “This type of. ﬂeficiency. Blae
o "’-_,f"ilj.,;is {difficult t.o d.etect 'because normal ‘Wear a.n:l 'bea:r may - ocewr Fox ' Lo




- should be~-I am 1ook.1.ﬁg for ‘brouble;--ndb; I will excuse the little
‘ 'things ‘because they-are no' wcrse today than "they were yeste:ﬁay. '

"Hea.suring devices vwhich are ruxﬂown are no 1onger a stand.ard mea-
_uring device, and indicated discharges may be considerably in errcr.
Tec:be certaln of the true discharge, they shcmld be rehabilitated
~and/or calibrateﬂ.._ =

: -Re‘_pairing or refurbishing a rundown mea.sun.ng dev:lce is: scmet:l.mes )
& difficult or impossible task. Fxing the 1itile things as they
“oceur will prevent, in many cases, replacing the entire device at -
- great -cost at some later date. Regular .and preventive ma.intename

. vill extend the useful life of measuring devices.

L "V:Poor Workmanshin

‘_r.aco:rhrasting with ‘t.he measurement devices which were once a.ccurate
‘and -dependable ‘and ‘have. deteriorateﬂ., ‘are-those which, because of

. poor. workmanship, were never a standard device. These Iinclude -
:devices wvhich are installed out-of-level or out~of-plumb, those

“which are skewed or ‘out of alinement, those which have lesking

" .bulkheads with flow: pa.asing ‘beneath or arcund ‘them, and those which
~ have been- se‘b too low ar too high for the existing flow confiitions. .
Inaceirate weir blade lengthe or Parshall flume throat widths, .
dnsufficient or nonexistent weir nappe vemtilation, or incorrect

©Zero setting of ‘I:.he ‘head or staff- gage can e.lso be the canse of
mea.sm:'ing €rTors. . - : :

A tramsverse slope on a weir blede can: resmlt in errcrs, part:l.cu- o
- larly if the gage .zero. s referenced to either:.end. The error can:

‘be minimized by determining the discharge based on the head at each_

SEE end . and using the average discharge. Errors in setting ‘the gage

 .zero are the same as misreading the head by the same amount. At
" low heads a zero setting error can result in errors up to 50 per- "
‘cent of ‘the. .discharge or:mare. .A head determination error of only

/0.0L foot can cause & discharge error of from 5 percent on a 90°

i “a head :0f 10:20 ‘foct). The same head errar .on

" V-notch weir, to over 8 percent on a UB-inch Cipoletti weir (for -
6p ‘apd 12-inch’ .
~ " Parshell’ fltmes ‘can result in 12 md 6 percent errcrs, respectively,
for low besds. e |

Vo -;.‘.We:l_r blades 'which are not ;plmn‘b u‘r are akewed wil.'l. shaw flow mea.S- |

o yement 1naccura.cies of ‘measurable magnit.ude 1f the weir ‘is out of

. 1ine by more than a few degrees. Rusted cr pitted weir blades or

‘those having ‘projecting 'bolts ‘or :offsets on the upstream side can
';cause -errors .of ‘2 percent or mare’ depending on the severity of :the
. ‘Any .form’ of rou.ghness will ‘cause ‘the. we:Lr to discharge ' ..

 than :I.niicated Rm.:nﬁ.ing of the sharp edge of & weir or




reversing the face of the blade also tends to increase the dis-
charge. On older wood crests a well rounded edge can casuse 15 to
25 percent or more increase In discherge, Figure 15.

The well rounded edze on this once sharp-crested weir will increase
the discharge well sbove "stendard." The weeds are also undesir-
eble as is the wreir gage which projects into the flow area. P-20-D-21557.

Figure 15

Pressure readings are needed to determine dlscharges through cer-
tain types of meters. Plezometers, or pressure taps as they are
scmetimes called, must be regarded with suspicion when considering
accuracy of flow measurements.

Piezameters must be installed with care and with a lmowledge of how
they perform, otherwise the pressure values they indicete can be
In error. For example as shown in Figure 16, the three piezameters
will indicete different pressure readings (water levels) because
of the mamner in which flow passes the piezometer opening. Unless
the piezometer is vertical as in Y, the water elevation will be
drawvn down as in X, or increased as in Z. Rough edges or surfaces
in the vicinity of the piezcmeter can also result in erroneous




indiembimsinﬂnttheydeﬂectthemtaintoarmfrcuthe
:piezme‘ber o:penitg mhe higher the . ;pipe velocitsr, the grea.ter the




_‘:"m mguencyothsadmeasnrmentisslsoimporhantanﬂ.myhethe
- cause of ‘insccurate water measurement. -These and other related
o misce].'!.s.nsms techniques are discussed in the next psmgmphs.

3m111mmm _

)ﬁsssurmentofthehesﬂ aveirseunstobea.sin@le mtterbut

- can be difficult under all but ideal.conditions. Thehesdisthe
height of water ebove the blede ‘edge (ar croteh of a V-notch)
measured at a point where the velocity head (or velocityofappmach)
.48 a negligible value, Figure 9. In:practice this means a point
located.fourtosixtimsthehsadupstreemﬁmthecemrofthe
welr blade. Itthehesdismmsdfartherupstream,theheaﬂ

' necessary to produce flow in the approach channel: (water surface -

i"alope)mwheinaﬂverbenﬂ.yinclnﬂ.edtogiveal&rgerheadmsm-

ment If the head is measured closer to the welr blade, same draw-
© dosm (ee.usec't by inereased velocity near the weir) may occur and

'-'1esstha.nthetruehsadmy'bemeasured. Irtheheadismsured

'-_atthesideofthe&ppmchchsmel,moreorlessthsnthstme

:.'_hssﬁmybemeasureﬂdependingonthegecmetryoftheamch

© pool, Figures 9 and 13.
o E&:epractice ofpla.c:lng stsffgages onweir‘bnlkheaﬂ.s ou:'onba.nk-

side structures should be investigated in'each case to be sure that R
& true head reading can be cbtained.’ Pla.cinga.ruleora.m.ausen-

| Plerce gege on the weir blade elso gives an errcneous reading.. The

‘teking of head measurements’ when debris or sediment has a visible
- effect on the flow pe:l:bern es.nslso result in. fs.ulty head determi-

. petion; Figure 1T. Measuring head, wvhen the measuring device hs.s

. cbviously been dmmaged or altered, is also to be avolded -

- .l‘igurelashswsaweirperfomimmlyfortheuscmrge shown.
- At'larger -discharges the: msynmtricsl a.ppmch pool my pzroduce e

e ."tmﬂ.esimble conditions.

. The prireiples d.escribed a?bove elso a.pply to bead measm'ments on - "
< Parshall flumes, metergates or any other device depend.enb ona
head. mss.smnt fou:' dischs.rge detemimtion. co

Jlmroper gage 1ocatian, or an error :I.n hsed. msasurement :I.n a Pa.rsha.ll
flume can result in very large: discharge ervors. -Throat width

7 meagurements’ (and weir lengths) can’also produce errors although
- "these errcrs are usually ‘small:-beécause of the relative'ease of =

_'f'_f,-.‘;‘;mkingl F“"‘-‘_-"E“ 1eugth msasuremsnts._ (Operators should ma.sm
‘drevings.) Readings cbtained from stiliing wells, hether “Whéy

sre v:lsua.'.l. or recorﬂ.ed, shouilﬂ ‘be questionsud. 'unless the DP@mtOI‘ g




Weeds protruding through the opening and sediment in the approasch
poal will result in insccurate discharge determinations. FP{-D-30665.

Cipalettl weldr overating with good flow conditions in the spproach
pocl. Flov 1s well distributed across wide pool and shows no evidence
of excessive turbulence. Accurate or "standard" discharges can be
expected under these conditions. POAX-D-18350.

Fgure 18




theinsten'haneous reading is ncbpe:t ofe.long period. sm:'ge. Su.f-
Picient readings, say 10, should be teken at regular time intervals,

| - say 15 seconds, and averaged to obtain the average head. More

- readings may be required if it is apparent the pocl is contimuing
- to.rise or frll. If this is too t:lme consm:l.ng the cause oi‘ the
' ":Lnstebilitv shauld be removed o Lo o

: "Res.d.:l.ngs ﬁmfsges or s‘beffs which may hs.ve slipped. or hea:ved
 should be avoided. Periodic rough checks can scmetimes be made
with a carpenter's level or square from a referemce point on
. _another structure. _ S _

' 'In shcn't, it is d.esirsble ths:l: es.ch opers.tor understenﬂ. the meas- - - -
" urement he is trying to make, and then . eritically examine each & -
, opers.tionto'be sure ‘that he is meamn‘ing 'whe.t he intenﬂs to T
- measure. He should try to find fanlt with every step in making a =

heeﬂ zneasurement a.nd try to mprorve ‘his technique wherever possi'nle.'__ _

:When a heed or velocity mea.sureme:rl: is mde to detemine discharge, -

. 1t canbe concluded that the messured diecharge occurred only at the
. moment . of the messuremezr'a IE ce.nnot be concluded that the dis- =~

“ ‘charge was the same even 5 minutes later or 5 minutes earlier.’ .

o ._-'lherefcre, water deliveries can be sccurdate only if enough messure-

ments are: msd.e to establish the fact that the discharge did or aid

' ] "'nct w:.'y' cvsu' the pericd. of time ‘I:-he.t wa.ter was being d.elivered. :

- Im many systems, mes.suremen*s are ms.Ele only once a da.y, or only

> shen’ same mechanical change in supply or delivery has been made.
" “Problems mtz-oduced by falling hesd, rising backwater, gate creep .
o o hunting are- often ignored when camputing ‘& veter delivery.  The -
- -_'_‘prohlan is not a simple one, a.t times, ‘and’' there are many :Eactors -
FERE . 3 consid.er in determining the ‘mmber of- reedings to be made per -
.-.deyor other- unit ‘of time: If the: dische.rge in the supply sys‘bem

'is increasing or: decreesing, it will be necessery to, take ‘more

‘than e single reading. If the rate of rise is uniform: the a.verage e

of. two readings, mor:ﬂ.ng and night, would be better than one. "If -

'f:’?""-‘.'bhe rate .of- ‘change 18 en-e.tic, frequent readings may. be necessary

I'f a: grea.t many. readings are lmmm to ‘be necessary, a. recm'ding
- __.-d.evice mar 'be Justiﬁable. - - T :

;Sme'bimes when the_ discharge .’m the supply system reme.:l.ns constsnt, S

J_‘.'l.'.he mterlevel velocity reed.'l.ng cha.nge because of a ch_enge in -




SRR of 'bhe rising v::ter 1ev'e1 Cmv_ersely, the discharge may tempo-
 rerily increase-in parts of the system, if the operating level is
'.j.being lowered. ‘The changing water leve‘l. ma;;r make :I.t neceasary to Lo
© - ‘take 'more :frequent heed reac‘ﬂngs. _ _ - R

B .JEere again, the operator should. try to visualize the effect of any
- »change in discharge in the supply. systan, upsu'eam or do-.mstremn S
- irem & mea.suring device, -and attempt to get more than' eno'ugh read- '
o ings to accm-ately canpute the qns.ntity of wa.ter delivered. -

| “_'.USE OF WROHG MEASURTNG DEVICE

L EVery water: meam:ring device ‘hes 1imite.tions of one kind or a.nother‘
- -end 1t 18 impossible to choose one . -device which can. be used in all -
" "locations under all possible ‘conditions. Tt 1s- to be 'expected, N
.7 therefore, that for a given set of conditions there may be several '
.- devices which-would ‘be sui‘bable, ‘but none could be :covsidered - -
“ . entirely satisfactory. If flow coniitions change or are changed
. by modified operationa, an original device, which wes marginal in
7 puitebility, may be fourd to be totelly inadequate. It is pos-
.7 sible, too, that the wrong device was selected in the first place.. .
- " Whatever the reason, there are instances where accurate measure-
.o ments are being attempted using a device: vhich cammot; even with
- the grea:best .care, ‘give the desired results. ‘The- operator should
Ceall a.t'berrbion to Buc.h a s:l.tue.tion and a.t'tmnpt to have remedial
' '_meesm:es taken. S

C 'For en:emple, a veir cannot be expected o be accmte if the head '
18 sppreeledbly less +than ‘0. 2 foot, or grea.ter than about one-third .of the
weir blade length,Large measurcment errors can-be expected -(departure.
- from standard), 1f ‘these 1imits are-exceeded e.ppreciably Ifa
i welr is submerged.- appreeiably by bachmter, large errors may be .
“introduced : depending .on other ‘factors.” In view of uncerte.:lntiee
“which : ca.nnot be" acpla.ined sa.tisfac'borily, submerged welirs should
‘be’ e.voided vherever possible. "Parshall flumes should .not be =
si;opera'bed ‘at more -than ‘the crifical degree of -submergence . (80 per-- .
i ;3 in fact, they ghould ‘not be submerged at .all, unless ;prov-.l-
ha._ve ‘been -made -in the flume :for a downstream head. mesuring ‘
and. the method .of : cunp:ting Bubmerged diecha.rges from the
2 Flcw" tables s thorm:ghl:r und.erstood 'I.'his :i.s







If"a.n ariﬂce is pla.ceﬂ. ina pipeline a8 .showi An Figure 20, theve
: is alnost certain to 'be & 'ba.clma'ber effect, ant':l :l.t H:L‘L'L be neces- R




'belower'bhanatlﬂ'becme saneofthetota.lheaﬂ.mlldbeusedup
in proiucing the velocity in the pipe. At B the velocity of flow

~ would be nearly zero, and so the true head would be indiceted by
the piezcmeter. The, pressure at C would be very low because of

© . the high velocity.: “A%-D; same head recovery would occur because of

TR

. circular orificesrounded toa radius of 0.0l inch will’ discm.re}:"

. the reduction in velocity cansed 'by the sprea.ding ‘of" 'l'.he oriﬁce

.} “
'

J\:b E no:.'.'mal pipe flow ]Ja.s been rnestahlished and the loss A-E
represents ‘the head lost because of the disturbences in the flow
caused by the orifice. Energy in the flow was converted to heet
as a result of turbulence in the flow and extra. friction 1osses at
the cu.'i.ficef'nlate a.nd. pipe 'bcunﬂaries.

\:\r:lﬁ.ce discna.rges ‘may be ca:l.cula:bed with reaaonahle accuracy if

v Z ' a11 the factors affecting the flow are evaluated and the coefficierrl; }

Mgt 15 adjusted accordingly. For a:mn;ple, the graph. in Figure 2

) - shows the varlation in C.to be expec't:ed for variouﬂ/can‘bimtions of
' pipe s:lze and. oriﬁce d:l.ameter

EEhe arifice coefﬁcierrl; 1s seen o ve 0.61 (:!.n the solid lime curve)
whenthe orifice 1s 0.2ofthep1pediameteror1ess and increases !
- to 1.0 when the orifice 15.0.9 of the pipe diameter. It would: -
therefore appear that' large. orifices wounld be preferable to smell.

' :"_'.E!:.'l.s is not necesac..d.‘l.y 50, however, because large orifices give L
‘such.a: sunal:l. -differential that the error in:reading. -the head- 18'a - -
la.rge part. .of ‘the differential,'Also the head tends .to. ﬂuqtua‘be

severely 80 'hhat a.t tmea 1t'm.y appear tha.t there 1s a reverse

%’f;e'rhus, arifice instaua:bians should prou-iae Bufﬁ.ciem'. head. (a.nd/or R
‘dafferential) o ma.ke héad reaiing errcrs negligible in terms)>f the -

differential hces. i In fact, 1t has.been shown that the head ' cn -
& freely. discharging arifice should be et. ‘least twice the. d:!.ameter
tize-orifice, . For lower ‘heﬂdﬁ, the coefficien‘t; falls off
§QYvamﬂnrg_Wbe ,,a‘.s‘;low as: 0.2. : d

i

:H

Rcmmlingofthe aharpedge ofacircula.r oriﬁcemy'betheca.use o
For consid.era.‘ble errar in. de'te:mining dlscharges. l-inch-diameter

e percent more water than & sharpiedge. This 1s because the con-

Jtraction® As: not ‘as grea.t with a roumed. edge a8 with a ahaa.'p eﬂge. ;
:.(Nota_ that thu.s is & v=ry slight aegree of rounding.) S =

',The dotted 1i e" curve shows coefﬂ.cients (for H-h-3 feet) ohtéined L
] :i‘rom 7a. careful volumetric cal:.bration of i‘nre orlflces l-l/2 inc:h




2-3/8-inch, »-T/B—inch, 6-1nch, and - B-l/2-:|.nnh used in & 12-inch
pipeline &5 g lebaratory metering system., The departure of the

..coefficient Irom the generally accepted solid 1ine .curve 1is con-
siderable. . T '

. The broken 1ine curve shows coefficients for five nriﬂces 1-1/4~, °
1-3/&- 2—5/8 3-3/8-, and 4-3/8-inch used in an 8-inch pipeline
having an 8- to 5-1/2-1nch reducer placed upstream fram the arifice.
The 8~inch ‘pipe size was used to compute the ratio plotted ms the”
- abscissa in the sketch. Here, aga.in, 1s a‘'departure from the gen=-
era.‘L'Ly sccepbed coefficient ewrve and if a coefficient hed been’

. -assumed ‘from the solid line curve, serious discherge mea.suring
- errors of perha.ps as much as 15 :perce:rt cauld. ha.ve occurred.

Beca:use of the ma.ny factars which affect or:l.f:lce discha.rges 51t is
‘usually desirable to celibrate an installation by volumetric mess-
‘urements, current meter, Pitot tube, or other primary means. ‘This
‘may-not be possible, :end it may then be necessary to improvise a
calibration. Anocther cbjection to the use ;of arifice meters is

“ that. the head loss ceused by the meter may ‘be excessive. Losses
. may Tun as high as one:, cr more velocity heads. One velocity head
ia equal-to: the head required to produce the veloeity in t‘he ;pipe
upstream fran 'I:he or:t.fice dete.‘mined fram Equa.tion 3.

Oriﬂce me'bers are not genera.‘.lly a.vadla.ble frcm ctmercia.l supp‘ly )

" houses,”and 1% 18 not ordinarily possible to buy & meter ccmplete_-. »
w:l.th piezaneters a.nd. head or differential ‘head ga.ges. e

I-Tuen a. su'brmerged orj.ﬁce :I.s used :I.n an open ditc'h » ‘the area of t‘he :
- crdfice showld be no more -than. about one-sixth the diteh cross-
-sectional . flow ares to minimize velocity of approach.éffects. . .
Thisis. 1'ough1y -equivalent :to using ‘an crifice-to-pipe-size ra:bio,

“*Figure 21,-0f sbout 0:.25; coefficient 0.62. A'high velocity of L

, approach means -that same of the head (which is to be measured) has .
“‘been converted to.velocity and cannct be measured. directly. To -~
accounl:- for this hesd the velocity mtst be- determined converted
tohead, andad.dedtothemeasuredhn

The height of the rectangtﬂ.a.r oriﬁﬂe shw.‘l.d be - considera,bly 1ess

then the width to minimize the effect \of verisble head on the
5 ordfice coefficient. The submerged orifice eqlmtion (6) ma.y ‘be
,used._ along w:ltnva. coerrieient Off .61-0. .2. o

]‘i the veloci-by of: a.pproach -J.s excessive (head his been canverted
g Vto velocity anﬂ ca.nnot 'be reaﬂ -0n: the Btaff ga.ge), “the velocity

ficé andmcomer’a to ;"H ‘by' 'Yéé - E) .nmstu‘be edd.ed -bo 'bhe measured
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" Tf the orifice 15 suppressed (hindeved by flocr, walls, or- other)
. from a normal a.pproach ow: pattm:-n, use the equa.tion

- 0.61 (1 + 0.151-) AJ—

| o vwhere r ic the ra:bio, 1etgth of suppressed porbion of perimeter
-of or:l.ﬁ.ce divided'bytotalpe:r:lmeter o '

Discharges for stanﬂard rec‘hangular oriﬁces are given in '.T.‘able 29 '
. and correct coefficients for suppressed orifices in Table 30 of
" -the Water Measurement Manusl.  Other: 1nfo:ma.tion on submerged ari-
:E‘:I.ces is given :I.n Che.pter: IV of the Manua.'.!.

E The Venturi meter is basically a streanlined orifice meter and was

" ‘devised to reduce the head loss produced by the orifice meter.

" ‘The meter consists primarily of e constriction in a pipe with "al
-+ curved epproach to the constriction a.nd a. gra.dual expansion to the
jpipe diame‘ter as shmm in E‘ig‘ure 22._ _ ‘ : . _

0 | Veloclty heod
Heod Ioss-—-—g




:piezmetu- as being a‘bout; 0.1 ve_‘l.ocity head, considerably less

. than for an arifice 'of the same size. Ydne & shows the elevation
S oof, thewa.ter: sw:fa.ce whichwauldhe inﬂica.ted.ifaninfinite B

. mumber of piezuueters were mtajled in. the meter to inﬂ.:!.ca.te the
“-:varia.t:l.on in pu:'essure ﬁ-an po:l.rrb to point x

L ""_Althau@ tables ‘are usua:L'I.;y- used., the curve in Figure 23 shows a

.ty:pit):a;l. ratitg curve far a cmercial B-inch T.fentm-i meter (B-inch"- .
L pipe .’ ‘ _

-

« -1

R mscHAneE Q) ch o
LABORATORY B" VENTURI METER

(N E. BAHK)

A -mﬁs;’n"su_r_m, HEAD (H-h) i. .
"IN FEET OF WATER g

-:O:IE' pa.rl:icular irrberest a.rd ‘concern :I.s +the sha.pe of the lower por-

* tion of the rating curve. A differerrbial ‘head of only 0.1 proauces L

e discha:ge of 1 efs. It would be difficult to measure 0.1 foot, -

" accurately because ‘of the usual. ﬂuc'l:ua:bions, and;” consequently,

At 'would be d.:L'E:E'icult to_say whether the discharge was 0.7, 1. 0,

~or 1.2 ers. : The meter should’ not be ' used,.therefore, for dis- .

‘. charges: 1ess than"2.5 ‘efs. where “the d.ifferential ‘head .15 about SR

half a. foot.  For discharges of 3'to. 5-cfs, the the 8-inch meter ccmld.

be expected “to"be; extremely: accurste, If & discharge of 1 .efs .

must be measured accurately; ‘s emaller Venturi meter should e .
al e meter hasthe same characteristic ra:ting curv.re,

and'th abovestatement'pplytooriﬁcemetersaswell '-:-_

rang ,o:I:’ sizes and




e "used in some cases,: Scme success ha.s been. achieved in counstruct-

ing meters from'standard pipe fittings which can be screwed or

. bolted together. “Two standard pipe reducers with & standord ga.te

S valve between. them makes a satisfactdry measuring - ‘device which has

- been found to be: ‘accurate: o £ 1.7 percent. ' Sce of ‘the early workf_.' '
- -on-this subject is contained-in a Master of’ Science T.hesis ,19k2,
. “Hydraulic Charscteristics of Simplified Ventizri- Meters 5" 'by R. A

'?mder, Oregon State University, Corva:l_‘l.is > Oregon.

i _Concrete meters (Figure 21&) have heen constructed and used hy the L
.-~ .Fresno Irrigation District, Fresno,: ‘California. The Fresno meter .
- -consists of a lepgth of standard concrete pipe imto which ‘has been
"~ formed a circular throat section to give a reduction in area so . s

. that the principle of the Venturi meter is a.pplica.hle fu:r.- the meas- RRRI
_' urement of flow. SN o




Report No. Hyd-340, gives the results of extensive tests on these
- meters, and is aveilable to Bureau employees from the Technicel

and Foreign Services Branch, Buresu of Reclamation, Denver Fedeml _
Center, Dm‘ver, Col aradc.

VERTURI FIUHES |
'.!Iﬂ:e:familia.rPa.rshall £iume (Figm:'ele) belongs toa.largeclass

. of water measuring devlces kmowr genersily as Venturi flumes used

‘in open channel installations. These devices depend upon comtrac-

tion of the flow either by tapering the side walls of the flume,

by changing the elevation of the flume bottom, or both. FPershall . .
flumes incorporzte & floor drop along with the corrverging of the S SR
side walls. ' .

Ve.n:l:uri' flumes are of ,_two ‘I:;vpes the "free-flow" tnne vhere a sim_-ple
_ head reeding is required to determine discharge and the "sulmerged” : S
type which requires two head readings to account for the backwater . ‘-
- depth effect and determine the ﬁischarge. The latter type 15 T
sometimes called a "eritical depth flume™ and/or a "standing wave
flume."™ The former is scmetimes called the "true Venturi™ type.
The Parshall flume 1s an example of a Verrburi ﬂm that 1s often
used :l.n either category or both. - _ g

Vhen head mist be conserved the ﬂa:t-‘borttcmd Venturi flumes are
more desirsble than flumes having vertical configwrations in the
~floor. If the canad is trapezoldal, the flat-bottamed Vembturi

© flume can also be made trapezoidal for convenience of construction
of placement.  But, like all measuring devices they should be '
either calibrated before use ar be constructed exactly the same as
am existing Flume (stanaard device) that bas been calibrated.

. From studies made on Venburi flumes 1t has been found tkat for any

. given flume, each value of the discharge (Q) has a unique and core
" responding head (H). The results of these stulies indicate that

" the relation 'between dischsrge and head my be expressed in the
e general form ’

qxn”

o _‘Bhere $he coefﬁcien‘b (x:) and the exponent (1) are pradminantly S
. Aepefient upon the gecuetry of the flume. When the values of (K) . .-

" apd (n) ave detemmined from a.c'bual msnrments, ‘the d.ev'.lce is.

- sa.id to- 'be ca.li‘bra.ted

e USER has studied the ﬂat-‘bo‘btmed tmpezoidal Veul'.uri Tme
3 shm :l.n Figure 25. i L : : . _



This particular flume was studied for discharges ranging fram O. 5
t0 5 efs. The discha.rge equation for this flume wes found to be

Q= 3.5 HZ.J-B

Stulies of other flumes of both larger and smaller sizes will be
continued and will be directed toward standardizing the flumes in
terms of geametry and in providing rating tables for general use.

Smell flat-bottomed trapezoidal Verturi flumes were studied by
-A. R. Robinscn end A. R. Chamberlain, “Trapezoidsl Flumes for

' Open-Channel Flow Measurement,”" ASAE, Volume 3, No. 2, 1960. This

study presents the calibra.tion test resulis on seven ﬂmnes with
side slope (6) ranging fram 30 to 60°, throat bottam width verying
- from O to I inches, and contraction angle () varying between 8
and 22°,  The d.ischarge range ccvered by these flumes is fram 0.02 _
50 2.0 cfs. ' .

If £1imes of this type are ta be built and u;sed without Tield cal-
dbration the dimensions and 1imi't.a.tions d.iscussed in the arl:.icle
sh.ould be ca.reftﬂ.ly followea. :

F.'Lat-bottmed Vexrbm'i flumes ‘can be made of concrete, metal, ar

- wood. However, the use of wood should be avolded wherever pos-

©  .sible beca.use the effect .of warpege ‘can be severe. Regardless of
" the material used for construction the flumes should be suffi- '
. clently rigid to prevent ‘bcming eaused. by ee.rth pressure from
ba.c'.k ﬁlling. - _ ke

" Por best resul‘t.s the flat«-‘bottomed ﬂume should ‘be set flush wi't.h
respect to the bottcm of %he. incaning canal. If possible, the. .
cross section of the cansl and’the start of the - converging portion
‘of fiume should watch. ~If matching is not possible transitions to
- the flaume can be nsde of concrete, metal, wood. or gra.vel large
;enough to. resist movement with the ﬂow. , @

The head mea.suring station shoulﬁ be loca.ted ,just upstream Pron

~the start of the convergence in the flume, Figure. é. If a still-
- dng well and hook gage are used, +the pressure tap or pilezameter

“should ‘be pla.ced ebout 2 inches above the bottam of the flume to

e - prevent sediment and . other debris from plugging the liries to the
- stilling well Sts.ff ga.ges maar a.lso ‘be used. to measure the heaed.

‘To :Lndica.te 'l:.he necessary e.ccuracy for ‘a head determlnation {in -

;‘I:erms of ‘discharge -error) the following table ma;y be u.secl. 'J!h:.s .
- ;-;_i-.-:'bable is: for ‘l:.he ﬂme B:I.ze shmm :l.n F:.gure 25










. Although 1t shomld be possible to compute the discharge, this 1is

- - rarely done beca:use there are usually too many departures fram

st_e.ndarﬂ. definable conditions for which correction coefficients
ere not knawn. Metergates are ususlly purchased from a commercisl
supplier who supplies a discharge table. Ordinarily, the tables

. .give a good a.ccmml:ing of the flow, but in same instances, errors
of. 18 percent or more heve been founi o

Ifa d.ischarge error-is suspecteﬂ, the :Lnsta:l.la.tion should be .
thoroughly checked +to be sure that it camlies with the essential
conditions shown in the above sketch, particularly that there 1s
no blockege of flow and that the outlet 1s suffielently sulmerged
to make the pipe flow full. The many factors affecting metergate
-perfomance and accuracy are described in detail in the following
paragrephs. These suggestions apply particulerly when the gate is-
operated at large openings (50 percent or more) end/or with small

' 1r_psh'eam submergence (1D or less).

. Saurces of Disch__;_nrge Inﬂication Error

: o:E te. The d.ischa.rge teble ‘being used . s‘hould 'be checked. _
to be sure that it applies to the metergate in gquestion. Tsbles
for round bottmm gates will not work with square bottom gates,
' vice versa, except at the wide—cpen position. Be sure that -
' -.the table being used iz for the 'bra.nd. of ga.te, model mmber, .or
_ other iden'bifying meols ' '

Sbﬂ_'l._ing weJ_'L 'blo_cge. I:E there 1s nn 'blockage of flow a.t the

| gate or in the pipe, make -sure thet the stilling wells are open.
- A'bucket of water poured into the well should readily dra.:?n out
- -ory 1f the gate 1s in cperation, the water level in the well
. “showld’ rapidly return to the head ' indicated before the water
‘was sdded. "As a mathter of genersl maintenance, it would be a
good 1dea to flush the wells occaslonally, push a probe through
-"the piping, and flush age.in. Any ‘difference in readings before
. _Za.nd. after cleaning might indicate the need for further flush- =~
- ing .apd -cleaning. :-Staff gages or ‘scales should also: be checked
. -to be sure they have been installed .at the proper zero positicn_'?-
- a.nd. tha.t they ha,ve ‘not became d.ispla.ced verbica.']_ly ‘

: -. ,Ga:t'.e enfl gg._‘be %{nﬁ iniica.tor. ' Be certa.in ‘I:he:l: the ga:be Upen=
- ing indicator, whether it is the- rising stem on the gate or scme
other device, has not became displaced to give:a false gate

B opening inﬂication. Check the installation of the ga:be on the
" .end .of the pipe. : The gate must seal when closed. Too much - =
‘clea.rance ma;;r a:l.‘l.mr an excess .of- we.ter to flow between ‘the ga:be ‘
or frame and the end of ‘the pipe, changing the flow pa.tte_rn and ..
indica.ted. head dn the dawnstream st:llling weJ_'I. - - AR




, oach area. Weeds, trash, or sediment in the approach to the
ga:be can chanze the pettern of flow sufficiently at the gate leaf -
to produce sizable diccharge errors. The flow along the side-

 wells (wing wells) has more effect on dischsrge than the flow

along the bottam. Be sure that flow can follow the sidewalls
without interferetice. ILarge amounts of sediment deposited in.
the area just upstresm fram the gate can upset the normal flow
petterns as can waterlogged trash, rocks, or- -other sulmerged
me.teria.l ‘The apprcach area should be cleaned and resheped, if
: necesaa.ry, until no flow lines: ar velocity concettbratiuns are

' 'v.l.si'ble -on the w:ber sur:t‘a.ce. 7

Submrsence. The wa.-ber 1eve1 at the gate should be at lea.st
‘one pipe dismeter (prefersbly two) sbove the crown of the pipe
-during -operation (flow measurement). “As previously shown for
‘the orifice, considerable error results wken the head is less
than one diameter above the top of‘ohepipe. Elmepipeoutlet

- mst also be sufficlently submerged to.xiake the Pipe run full.
Usually, 1f the "plpe :I.engbh is standard, at least siz or seven
-8iameters (discusied laterj, the submergence need be anly sbout
' 6 inches above the crown of the pipe. Unless the pipe runs full
at the ocutlet, 'bhe downst:rean hesd-measuring stilling well may -
' not contain enough water to indicate the true differentisl pres-
. sure .meross the metergate, and serious d.ischarge mee.sur:lng '

_ errors can occur : .

_Sna.].‘l. differenbial head. Iarge errars :Ln dischnrge determina :
. Tion -can be introduced 1f the differential head (difference in
“water surface elevation between the two stilling wells). is smell. -
o For exemple, in reading the t'.ro vater surface elevations in the
“st111ing wells, an. error of .0.01 foot could be mede in each
reading, giving a differential of 0.10 foot instesd of 0.08 foot.
‘The difference in indicated discharges would: be about 0.12 ¢fs
for -a discharge of 1.10 through an 18-inch meterga.te o_'pen
.,5 inches, an, error of ahcut J.'L perce:rl:. SRR

Ie the ga:l:.e opening was reduced to’ 2 1nrhes and tne upatream
“pool could be allowed to rise to pass the seme discharge, the

R dif:;‘.eren'bie.l head would be-0.40 foot and the same head-reading
__,;e:f-ror of -0.02. foot would indicate a change of only 0.03 cfs.'

- The errer in discharge determination. would be reduced from abcu£

11 percexrb.to less than 5 percen‘t

IR the pool’level ca.nnat be. e'.l.eva:bed as. descri'bed a.mi 1t 48 00
o ;necessa:ry to operate comtimally with small differential heads, .
51t would ‘be well to consider installation of ‘a smaller gate.

- Thde. would -allow operation in the upper ra.nges ‘of .capacity

% e ;where the d:l.:l.’feren'bial head. :I.s 1a.rger. Ii' a ma:lle'r ga:l:.e ca.nnot




. ‘pass 'bhe required mascirmm I'lcw, it m:.ght be necessary to use two
_ sma.‘L‘L gates in pla.ce of one large one.

" .Aside from head-reaﬂ.:.ng errors 3 :r.t is desirable to operate with

. larger differentials because (l) the flow is more stable and

- the mter surface 1n the stilling wells: does not surge =s badly -
“and (2): the higher velocity throuh the meter prevenmts a reduc-
tion in arifice coefficient (as discussed for the orifice meter)

Other methods of a.chieving a larger differential m:.ght include
reducing the be, ]ma.ter level, if excessive, or reducing the pipe
length, if it :Ls considerably longer than six or seven dismeters,

- to reduce the backwater elfect; change the location of the domstrsam
sti].'!_'l.ng vdl_‘i. and recali'bra.te the meter (discussed later).

Location of st:z._.._u.g well intakes- Beca.use the clischa.rge :I.s
‘directly related to the difference in water levels in the two
“stilling wells, it is essentisl that the stilling well intakes

(pressure taps or piezometers) be located exactly as they were
"when the meter was ca.li'bra'bed. ' )

The. upstrea:n irrbake should be loca:bed in the headwsll several
" inches (at least) from the gate frame, several inches'(at
" least) from any change in'headwall alinement ‘41 plan (see sketch),
- and at an elevation such tha.t the intalke will’ be covered at
minimm operating level. ~The opening should be flush with the
'\_era.ce of the headwall ani the piping arranged so tl =t a clean-
ing prcbe may be pushed through for cleaning purposesi- The pipe
- should slope comtimously downwerd from well to headwall to '
‘prevent air locks in the- system.. I alr is suspected in the -
" pliping, 1t may be flushed by’ pau:-irg waterinto the well gt a
- ’__‘,-_.ra.pid rate to.force the air out through the Ainteke enﬂ, taking
cere not to entrain alr in the pmzr::lng process.

S ..ﬂlhe dmmstream piezanet:er (preasure 'I:.a.p) should be loca.ted. on. “ _
=+ the enterline of the top of the pipe, :exsctly -1 foot downs'c.ream N
5« _ frem the doymstreem face of the gete. : The- intake ripe mst be L
* ‘flush/¥ith the inside surface of the pipe (grind off any pro-

Yoo “Jections ‘beyond corrugatedfor mnodth gurfece) aba"absolutely
-.verticalw (the ﬁectmf tutea piezaneters is mustra.tea in

e

“the Ar'ate of change in pressure is very




" Plezometric pressure Ime\'
’ (Nm‘ 10 scale)

Plez ai 1op nf
corrugahon

_;'_;A bebter 1oca.tion for the d.owns-brem piezme‘ber wuld ‘ha.ve 'been
D/3, measured from the downstresm face of the gate. The pres- .
sure gradeline here:is. lower end flatter. Minor variations inm -
ould not result-in m.;]or measuring er:r.-urs. o
meed to this point ('bo increase .
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| ‘_‘:.It shc'uld be noted. tha.t the coefficient Cd isa dif:f.’erent' _
coefficient than the C used in the orifice equation. Cy 1is

" used with A which in this case 1s the area of the pipe and
o ek the . gate opening ‘Discharges may be ccxnptrbed. from this

. ‘equation with an accuracy of * 2-1/2 percent. The degree of
-+ downstresm . submergence does not ‘affect tke accuracy of the meter
-1f water rises. sufﬁciently in the downstream well to o'bta.in an

- acm:rate reading and. the p:lpe rnns: ru:L'I. a.t the oublet.‘ o
x«_gr% te Insta.]_'l.a.tion

S .}Metergates Dave been found o be set too :Low, %00 high, or the .
“Wrong ‘slze . of. gate was anplcyed ‘To aid in the proper selection

.of gate size and the elevation at -which the gate should be :placed.
__-;the follm::t.ng suggestions ‘are glven in the drawing in Figure 29. .
‘The metergate .entrence structure should. 'be as d.escri‘bed in the
.,preceding discussion.. , :_ . = R SRR

An'_ ana.lys:!.s of cther i‘a.ctors tha.t inﬂuence meterga.te performance
and eccuracy, - In cases: where the installation is not standard, is
given in Hydraulic. ‘Laboratory B.epcct No. Hyﬂ.-h?l , dated March 15, -+ T
961 ".E'.I.ow Cha.rac‘teristics -and: Limitations of ‘Serew Tift Vertica.l PRI
Meterga,tes. This: report covers various entrance: pro'blems effects '
‘:t‘ su'bmergence yeloclty and gate design, -and gives rating curves" e
ot R Tl a:ui 30-inch ga.tes for 'both confined. a.nd unconfined e



SECTION THROUGH - INSTALLATION

e

DETERMINATION OF METERGATE INSTALLATION
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'CG.TS'L‘ME-BEAD ORIFICE TUEWUUT (GHO)

The constant-head orifice ‘burnout FJ.g'ure 30 is essenti a]J.y a
pubmerged orifice-meter type of mea.sm':lng device. The upstiresm or
orifice gate controls the: discharge while the downstream or turn~-

. ou'l: ga.'be cantrols the mﬂ‘mergu_m.e on the upstream gate.

Gm‘es noi' shown :5-4'-.0'!:' |

I -r=-'-‘__';':__24"xltl"Orlﬂce gafe -~y ,le'_'Dla.Turnouf gafe o
(Controls dlschurg .. (Controls -
o submergence) ,_

) “‘S?uff gages ..
PLAN'L“ S
GONSTANT HEAD ORIFIGE TURNOUT




As a means of standardizing the device, 1t was arbitrarily decided
to always sulmerge the arifice gate sufficiently to produce a
0.2=foot difference in water surface elevation (differential head.)
across tl'ue upstream or orifice gate.

‘The constant-head orlfice is usurlly operated as follows: The
orifice gate opening for the desired d.:l.scha.z'ge iz obtained fram the
discharge tsble and set. The turnout

gate 1s adjusted wuntil the differentisl head across m.-iﬁ.ce gate

is at the required constant head of 0.2 foot. The discharge will

then be at the desired value. Two standard sizes of constamt-head

orifice meters have been cealibrated and the discharge values are
' given in Tebles 32 and 35 of the Water Messurement Mamal.

The lO—Beconi-foo‘b capacity turnout 1s designed to ope:va.te with

the canal water surface from 21 inches to 6 feet above the arifice

gate seat. Minimm operating depth 1s 18 inches. This turnout

uses a rectangular 2k- by 18-inch screw 1ift vertical gate for the
.orifice gate and an 18-inch-diemeter screw 1ift vertical gate for

;;ia turnout gate; two sets of gates are used side by side in the -
‘hu-nmrh structure vhich empluys 18-inch-diameter ripe.

o

o

/- The 20-second~foot capacity turnout is designed to operate with
& . ! the ceanal water surface. from 27 inches to 6 feet above the arifice
gate seat. Minimm practical operating depth is about 24 inches.

‘This turnout uses a rectangular 30« by 2k-inch screw 1ift vertical

gate for the orifice gate, a 2i-inch-diasmeter screw lift vertical
gete for the turnout gate; two sets of gates are used side by side
and ‘discharge into ah-ineh-diameter precast concrete pipe.

. D:ls e Gharactaristics

: The d.ischarge through a constant-head orifice 'l:urnoub may be come-
~ puted from the or:l.ﬁce equa.tion

@- o VEE

“  where )
Q = discharge in cfs :
H e differentizl head on crifice gate (o.an)
A-amofcriﬁcegateopeninginsquare feet.
' C = coefficient of discharge
g = accd.eratioa due to gre.vity (32 f‘t/sec/sec)

#

o sh—f-‘si{.

O



- The coefricient "C" determined in 98 tests on 6 different designs
. of tuwrnout, for a complete range of gate openirgs and canal water
o Burfac'.e eleva.tions is shcwn in F.'lgm-e 31. s

R (R Note H was mcnntomed o1r '
a |7 |o2ftinall tests
-0,
B thaiid B j—
v 5.0 02 04 06 08 10 |2 14 16
E % ORIFIGE GATE OPENING IN FEET ==

Fig'm?eﬂ

The discharge ts.'bles (referred to a.'bove) were prepared. frcm thia N
- curves: -Single barrel and d.ouble barrel tests gave the same dis-
charge coefficients. N

S When only one ‘of the two or:!.fice ga.tes is open, :|.t :Ls des:.ra.ble .
", to open the ‘turnout gate directly below the opened orifice gate.
-/ ..The ‘head should be read on the sidewall of the pool next to the
: - open ga.tes. An incorrect head rea.d.ing ‘will be. cbtained if the
'gages -on the. sidewa:l.l o;gposi'be the open gate is used. If both-
- shurnout gates are opened. with only one orifice ge.te open, .
_;incorrect hea.d. reading mll ‘be obts.ined on’ e:Ll gages. . i
l-iore cons:.stent results wiJ_'l. 'be o‘bts.ined if the downstream gage is
GRS reloceted. a.d,ja.w.ent to:the orifice gate instead: of. adjacent to the
O jturnc.‘.rt gate. ‘Any- arrangement of ‘open and elosed pgates that
%, produces & -tilted water surface between the orifice and turnout
L gates: should be" avoided 'beceuse of the difficulty of Eletermining
thehea.ﬂ."byamrmeens LT o

out is to ma.irrtain a. conste.nt d.'lfferent:r.al of 0.2 foot across’ the:'
orifice ga.te :I.t s exbremely importa.ut that- this d.ii‘ferential be- 7




where H is 0.2 :E'oot ‘ ‘
‘i-f;._fIf an’ error of O.Cﬂ. iB mad.e 1n reaﬂing eachgage, B cmﬂ.ﬂ. 'be Bs.

-~ -gmall-as 0.18 foob: or as-large as 0.22 foot. - The error: in dis-
¥ ,'f.-.}charge wcﬂd bemqpcrtional to the square root ofthehead or

. 0‘1 0 1&21&3 ‘ Difference

- e m S 0.0229. ook
40- 20 = 0-“‘-72 AR - average
! '-.'_- o c - -. ‘. o‘-.- ) 002-8 Co s

chr a.n e.n'm: of 0.02 :E'oot in reaﬂ:lng each ga.ge the discharge deter-
57'--.mina.tion error would ‘be d: 10 percent._ AR L _
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'“Fle::d.'ble tra.nspare:rb plast:.c tubing is slipped ol(e.r a meta.l tee
(soldered copper tubing) so that both legs are. izrta-connected at
ithe top .and ‘lead to a S'bem fi'b'ted. with a. stopcock.- Hater is ‘

: rea.ding a.nd thé stopcock tlgh'bexied to ‘hold the water columns’up.
-The‘ partial VBCuI ;- a.pplied equally to each water colm:m, does '

tabilize ‘the water, (:olumns if surges are ‘a- pro‘blem. DL
d/be thin (1/16 inch or Less) a.nﬂ severa.l inches




The diffare:rtial head for normal opere.tion may be :I.ncreased ir ﬂif-
ficulty still exdists in setting, resding, or maintaining the
0.2-foot standard differential. Discharges may be caleulated using
the coefficient for the arifice gate opening actually used and the
differential head actuzlly meesured. . Turbulent flow conditions or
-8 reduced submergence gt the turnout gate will not affect-the dis= -
charge if it is possible to obtain a true downstream head. To be
certailn of the accuracy of these higher differential head dis-
charges, ‘it would be desireble to check several gate settings using
& current meter or other calibra.tion method to measure the dis-
charge. This displacement, if any, of the coefflicient cuwrve frum
the values given for the 0.2-foot differential could be determined
" from calceulations, and a new coefficient curve drawn parallel to

_ the one shovm. Only a few accurate check poimts would be required
Fccause the curve shape would. necessaril:r 'be the seme as fm': the
O.E-foot curve. -

Obher errors in- disclmrge measurement migh'b 'be ca.used. 'by other
factors such as discussed Por meterge:bes a.nd orifices.,

H'

‘_-Effect of En‘bra.nce S'I:.ructure Geunetg: o

_‘.The I.cr:eced.ing sketch of 'l;he constant-heaﬂ orifice turnout inﬂlcates
- '8:1 flaring walls in plan cn the entrance or approach structure and
& 4:1 sloping floor.” The floor slopes downward ewey from the ori-
fice gate, Flan 1, Il‘igure 30. Other camon 1nsta.]lations are shown

o _;_.in Figure 33, each ‘has 8:1 flaring walls in plen

i S&'Lee'bion of 'l:he type of entrance for a new instaJJ.ation will usu~ -

glly be limited by the relative elevations of the canal bottom and = . °

. -the pipe invert. If there is any choice in the metbter, however, it
. should be noted that Plens 1 apd 2 prov:l.de the best operating strue-
' tures. "Flow conditions with these entrances are steady and smooth -
. -and the differential heed is not difficult to read. When the ‘
.entrance. is partially constricted as in Plans 3 -and h by an ajver- .
" sely sloping floor, the flow pulsates and -the surface is rough. -

e ‘Surges end bolls upstream fram the turnout gates tilt the wa.ter
S -._mu-fa.ce a.nd make the heaxi difﬁcult 'l:o read.. e

| Tt has been noticed that some structures in the #1614 are now of -
" ‘the Flan' 25 type, -even’ though they were: Plan 2 “type when installed. -

‘Sediment ard’debris have collected near the emtrarce to:the. tur__nmt :

. and maintenance crews have clesned for only & shart distance

‘ '_.upstream ¥ producing the: sharp ‘Aowmmard 8lope to'the arifice. gate;

g " More ‘extensive pool cleaning would improve the ease of obtaining

head reaﬂ.:lngs a.nd might improve the acm:u:'acy' of the measln'anelrb.- T
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CUORRENT METER GAGING SEATI(NS

I
Tb.e current meter technique uses the velocity principle to obtain
e value of discharge. Therefore, encugh readings must be taken to
insure sccurate values for both the area of the flow section and
the a.verage velocity.

“ “.In aelect:lng a site for =a gcging sta.tioﬁ or ‘a location for a meter
or any-other propelier device, it is important that smooth uniform
flow exist upstream (to some degree devmstresm) from the loecation

. 8t all times. The approach to.the site should be straight for

severgl hundred feet or more and, to the eye, the surface velocity
‘should be the same across the entire width of the section. The .
cross section of the site should be typical of the sections upstream
“and downstresm and should be in steble materiel. Locations where
7 banks or bottaon can erode or where sediment is known to deposit,

- should not be used. A sjte where meters can be operated fram the
upstream side of a bridge is desirsble because a cableway or other
“erossing need not be constructed. In general, the site should
_Produce flow conditions that meet the requirements discussed under

" the sect:lon ’ "Flclw Characteristics Reducing Accuracy of Measm'ennent.

A staff gege and a wa.ter stage Trecorder should be installed and
carefully referenced to sane meaningful datum. In operating the
stetion, a standard procedure should be ‘established and followed -
for each measurement. Procedures are glven in detail in the

‘Burean's Manual for Measurement of Irriga.tion Water and in Refﬂ:r-

' ence No. 7 in the section "Referencea in this pa.per : :

Current meters shcu.'l.d be: 1n geod mechanical conditioh and should.
have a recent cali'bra.tion o cali'bra.t:l.on check. Tke usge of two
neters during & measurement can Show up ‘meter deficiencies if uhey
exist. Cereful bandling of meteérs by experienced . personnel will: .
" help to insure good ratings. Careful plotting of & ‘stage-discharge
relationship curve for each gaging station will hélp to evaluate .
the accuracy of each geging measurement as it is. made end will he.'l.p
to esta:blish conﬁdcnce in the sta.t:lon.

_ A:Eter the sta.tion ia put into c;pcra.tion, the cross aection should
be checked periodicelly and mainteined in its originml-condition.
.Sediment bars should be removed from tte bottom and correctionsi *to '
"~ the net section made, i eroaion ceours on-the bs.‘i"'t:\cr bottan.
- If the water surface 1is raiged or lowered by checking ,\ca.reful :
S 'time records should be kept to determine when the staff gage . or .
,-wa.tex stagc recorda are an :Lndica.tion of the: dische.rge. o -




WEIRS

Since weirs were frequently used as examples-in "General Aspects of.
Water Measurement Accuracy,” they will not be elsberated upon in
this portion of the text. They have been spacifically referred to
. under the hesdings of: Approach Flow, Turbulence; Velocity of

. Approach, Edt Flow Conditions, Weathered-and Worn Equipment, Poor

* Workmanship, Feulty Head Mea.sm-enetrh , and Use of Wrong Hea.suring
Device.

“->-'-":-=

' Propeller meterﬂﬁhu.ve been in use since gbout 1913 a.nﬂ are of many -
kinds, shapes, and sizes.\\mhey are used subumerged near the ends
. of pipes or conduits or "ins 1dne” in pressurized pipe eystems.
" Many meter designs and modifications for specisl conditions and
purposes are avallable from mamifacturers and it 1s therefore
impractical to try to discuss all makes and models. All praopeller
meters have certain cammon features, faults, and advantages, how-
ever, which: can be analyzed to provide a better understanding of
meter operetion. A thorcugh comprehension of meter principles,
their inherent limitetions and edventages, aund the operating expe-
"riences of many users may be beneficial when purchasing, install-
ing, operating, and meintaining meters for a field installation.
The information presented herelw has been gathered from project
‘and water district personnel, letters, reports, inspections, cam~
plaints, and from lsboratory and field tests conducted specifi-
eally to evaluate propeller meter performance. Much information,
same good end some doubtful has been sifted to emphasize basic
.. materiel and eliminate incorrect or conflicting statements. An
©., attempt has been made to eliminate material which applies only or
. particularly to one make of meter ar to one specific imstallation.
' The material presented applies to all meters, in genera.l, and to
all insta.’.l.lations, except as noted. -

Propeller meters utilize a multibladed propeuer (2 to 6 blades)
mede of metal, plastic or rubber, rotating in a vertical plane and
) .geﬂ.red to'a totalizer in such a manner that a mmerical counter
cen totalize the flow in cublc feet (perhaps to within 10 cubic

= feet), acre-feet, or any other desired volumetric units, and/or an-

indicator to show the instantanecus discharge, in cubic feet per
pecond, ‘acre-fest per da.y, or any other desired units. The pro-
peller, designed . aml cali‘wra.ted for operation in a pipe or con-
- ~duit, -should always be fully submerged, that is, the pipe or con-
- duit must be .flowing full. \\'l'he propeller dismeter 1s always &
& Praction of the pipe dismeter; usually varies between 0.5 to 0.8
" of the Aiemeter of the pipe. - Compound.. fiow meters bave more than
'-;onepa-opelleraniarenore ‘complicated in design. Meters axe . .
ava:l.‘l.a.'ble fo:- a re.nge or :p:.pe sizes :l".ran 2 to T2 inches :I.n diumeter. e




memmnngeorthemmusmlysbouhltolo, that
is, the maxtimm discharge the meter can indicate or totalize 1s
about 10 times the minimmm that the meter can bandle. The meter
18 crdinarily designed for use in water flowing at fram 0.5 to
17 feet per second although inaccurate registration may occur far
the lower velocities in the 0.5 o 1.5 rt/secrange

' "n:e netu-“size_,_ is nsmlly_'stuted in 'tems of the pipe diammeter. -
Por example, & 2h-inch meter might have a 12-inch~diameter propel-
 ler for use in-a 2i-inch-diameter pipe. Thus, the principle

'involved in messuring discharges is not a displacement principle

as in certain m:l.cip.l water meters or imdicating devices used
on gascline service station pumps, but rether a simple counting
-of the revolutions of the propeller es the flow passes the propel-
ler and .causes 1t to rotate. Anything that changes the frictiomal
resistance of the ‘propeller, the mmber of revolutions in & given
time, or the relationship ‘Ybetween pipe and propeller areas, therve-
. fore, affects the registration or accuracy of the meter. The many

factors affecting propailer ro‘ba.tion are diseuased in the rollow- ‘

| ;'_:;:lng 13893-. L
"nuw Pe.t't'.erns =

2 The accuracy of a propeller meter (in new cuuiition) 18 prﬂmrﬂy

dependent upon the similarity of the flow patterns in the vicinity
.02 the propeller during cali'bration and during regular use. !’ac-

_ tors which change the flow. I.G.tt.ern approaching or leaving the

; prope]_‘l.er wﬂ.l cha.nge the accmcy or regist:ation of the metn-

_ﬂw :

;.,--:A pour entrance to Y mm pipe, e.'l.bovs, _ﬁ.ttings, _unsymet -
" rical ‘approasch. flows and many other factors can produce splral -~
" flow in a pipe. The pa.-opeJ.‘Ler meter, because it has a hub at .
2 the ‘center of the Ppipe and & revaolving propeller, is therefore
L ey :sensitive to water ﬂ.ow:l.ng 4in'a spirsl pattern. Signif--
 deant errors in mgistmtion ‘can result when the meter is used

0 /in spixel flow. Depending on the divection of rotaticn of the L

" flow with respect to the pitch amd direction of rotation of
r"fthepropeller,themterwillmrormﬂerregister ~Flow. -
;etraiglrbeningmnesinserbe&inthepipeupatrmfrmthe

‘meter w1ll help to eliminate errors resulting fram this cause. . - ,_ .

.. The ‘meter mamfacturer uswally has speciﬂjc instructions regard.
:lng'bhe sizeandpla.canent ofva.nesanﬂ.these ‘should be: ro‘.lJ.owea.
when installing -a propeller meter. Tt.1s usually suggested

that vanes be severel pipe: ‘diameters in length and that they’ 'be ks

;1oeated _:ln'ia. stra.ight, horizontal :piece of pipe just ups'h:-ean




or more in length. Vanes are usmally made in the shape of &
+ sign to divide the pipe into equal quarters es shown in
Figure 3.

Figure 3k

laboratory experiments have shown that vanes of {this type
(used where no spirel flow exists) may reduce reglstation by
1l to 2 percent campared to readings made with the vanes
removed. This is beceuse the area taken wpy by the vanes tends
to reduce the velocity near the center of the propeller. Some
mamifacturers have suggested the use of vanes which do not P
meet in the middle but divide the pipe into thirds as shovm :

TN
Figure 35




Because of the open flow ares Iin the center of the pipe there 1s
less disturbance to the flow pattern In the center of the pipe.
One or more diameters of clear space between the dovmotream end
of the vanes end the prop~ller helps to mllify amy adverse
effects caused by elther type of vane.

If straightening vanes are not used, a long length of stralght,
hordzontel pipe (30 or more dismeters long) may be required to

reduce registretion errors. Venting the pipe to the atmosphere
Just downstream fram the control. gate, 1f this is possidle, may
help to reduce spiral flow.

Velocity profiles

In any plpe~-even & very short one=-the friction between the
inside flow surface of the pipe and the water is greater than
the internal friction of the wabter. This results in the water
in the center aren of the pipe having a higher velocity than
the wvater near the boundary.

I =

In a phort pipe the velocity profile would be aslxller to Case A,
Figure 36; in & longer pipe the profile would lock as shown in
Cace B. In the latter fully developed velocity profile the dif-
ference between the center ard edge velocities 15 quite lerge
but i3 stable apd does not Increase further. It i1s cbvious
therefore that the propeller, which recelves its impetus from
the central area of the pipe, will receive different total
forces for Caces A and B above, and that a grester mmber of
revolutions wiil occur In the long pipe, Case B. On the other
hend, less Porce, snd fewer revolutions (under registration),
will cccur for Case A. Iabhoratory tests have shown that long
turnouts or pipes (30 or more diameters long) have fully developed




velocity profiles and give 5—11- percent greater registration
than short pires, 6-10 diameters long. Rough or corrugated
Pives tend to produce the Case B velocity profile in shorber
lengths than smocth wall pipes. No exact &ata are svallable
to d.eﬁne every sitwetion, however.

Co:rhrnl ga.tes, such as the slide gate often used at & t’nrnout .
entrance, mey affect the flow pattern and/or the velocity pro-.-
file in a short pipe. - For example, tests have shown that for i
& 24-inch pipe turnout 23 feet long from gate to meter, in the’
5-cfs range, 8 full gate opening resulted in an indication of’

96 percent of the true discharge.. When the same discharge was
put through a 6-inch gate cpening, the meter indicated 100 per-
cent of the actusl discharge. The 4 percent difference in
discharge was the maximm effect noted in these tests.

It 1s apparent, therefore, that changes in velocity distribu-~
tion in the pipe cross section, that mpake the distribution
signifirantly different from that used during the meter calibra-
tion, will cause a change in meter registration. Changes oey..
be elther plue or minus with respect to the original discharge
calibration. Inspection and analysis of the flow conditions’
upstream from the meter may prove beneficial in trouble shoot-
ing & field installation suspected of giving incorrect meter
registrations. Checking the flow distribution in e cross sec-
tion just upstream from the méter with a Pitot tube woulﬂ con-
clusively establish whether a poor velocity pattern was’
present. - Meters are never ca.libra.ted vith poor veloci-ty pat-
terns in the pipe.

' '-_Mea. -and HE ‘Size Relationshizs

l-leters should always: 'be used in pipes of the proper or recamnend.ed :
diam:ter.\fr'.l.'he meter menufacturer can supply this information. -

. However, & discussion of the relative effects of propeller diem~
eter wﬂ.l be helpful in understanding the trends in over and

. under’ registration where a meter is used in a pipe larger or .

‘mmaller then the reccomended size. Propeller dieameters vary .
between 0.5 and 0.8 of the pipe diameter. It is therefore not .
- alweys possible %o determine the proper pipe size 'by mea.suring
v.the propeller &:lame'ber- :

. -jjIn visml:izing the efi’ects o:t’ a J.a.rger or. sma.]_‘l.er pipe on the . .
. . accuracy'of a given propeller meter, Cases A and B of Figure 36°

- o-wdllbe ha._pml. Depending :on the type of velocity profile in

. .‘the proposed: 1a.rger or snnuer pipe,@he ‘propeller will temd %o
' intercept higher velocities . (overregaistex) or lower velocities -

(unﬁerregis‘ber) anﬂ. w:lJ.J. be '.ln error depend.ing on- the change :ln"_' '




the averege velecities Mereepbed No mmerica.l va.lues can be
given because different meter manufacturers have different propel-
ler designs. For exsmple, propeller tips are affected d.‘l.fferen';"y
by varying absolute velocity velues; also, different clearance

- requirements between the propeller and the pipe wall produce dif-
- ferent register velues. - Items that are important for one:propel
ler shepe may not affect another. Tests bave showm, however,

i -thattheln:gerthepipediameterwithrespecttothepropeuer

‘diameter, the more a change in velocity profile will affect the
- meter registration. Thus, meters having propellers nearly the -
dismeter of the pipe they are to be uszi in should provide most
- accurate results. Conversely, propellers that are balf or less
: t‘ha.nthepipe&inmeterwﬂlgive the Jeast accura.te results.

Tt has been esta‘blished. in la.h;:an:ator:,r tests that cha.nges :'Ln reg-.
istration for two pipe sizes wlll be mincr if, for both pipe
-sizes, the propeller diameter is T5 percent or more of the. ;p:lpe
diameter. In all cases, registration errors will be less in:
. rough wall pipe because. the rough vall helpe to eata'bliah quickly
' a :hﬂly develo;ped. velocity profile. :

A Even when 4t is eeta.'blished that the differences in velocity pro-
' files intercepted by the. propeller will be negligible, the meter

~ must be corrected (change in gear ratio or other n:ea.na} to account
- for the change in p:lpe ﬂ.im‘her K : i '

‘ '_'-‘gm‘ger Hut:lcm _: S

' S:lnce the meter hea.d, in eﬂ'ect coun'be the mmber of. revollrb_ons
of the. propeller to indicate the discharge, any factor that

infliences the rate ‘of: propeller turning con affect the meter

: registration. : Practicelly all propeller effects are negative; .-
“that is;" they reduce:the mmber of propeller revelutions which .
. would otherwise occur and. result in under. registretion.,- More
_ -wa.ter :ls therefcre deli\rered. tha.n 13 inﬂicated o:r pe.id for.

- Propellers a.re um.mlly d.esigned to 'l:u:rn on one or more bea.rings

. /.. The bearings are contained in a hub and are protected from arect .
" ‘comtact ‘with cbjects in the flow. However, water often camand -~ .

- does enmter the beering. : Scme hubs trap sediment, silt, or other

2 :."_:foreign particles, and after these work imto the 'bea.ring a defi-" : -
.- nite added resistance- ‘to turning of the ‘propeller becames a.ppa.rent._,_ -

" Some. propellers .are therefore designed for ‘flow-through - cleaning -

r.aetion 80 --'bha.t pa.rticlea do not pemnently .‘Lodse :ln the bea.r:l.ngs. S

en. found._, o: 'be pe.rt:lcula.rly dam.ging to 'bee.ringe. ﬁ_ I‘_t'.




shows the wear in the worm gear teeth of an in-line meter labora-
tory tested for 2,200 hours in fairly clear water.

Figure 357. Flowmeter gear tecth worn on one face=-
2,200 hours of operation

In another laborstory controlled test a flow containing 5,000 parts
per million of silt and very fine savd (0.005-0.15 xm) was used

to test a medium size open-flow propeller meter. In less than

2 hours of operating time silt particles had collected In the
bearing and produced propeller bimding. After 5 acre-feet of
weter had passed the meter, 22 grams of silt (dry welght) were
found in the propeller hub and bearing housing. (A 50-cent piece
weighs sbout 12 grams.) A check of the propeller showed that it
turned imtermittently mnd slower than when new, in water flowing
at 0.5 £t per sec and less.

After 45 secre-feet of water had passed the meter the umit was dis-
agsembled; bearing wear was easily visible. Holes were drilled




through the bearing assembly. Less silt was then found to accu-
mlate. In effect, when the hub could be drained, less bearing
damage was evident but bearing wear was not elimimted. - Sand
traps may be necessary in field installations to reduce the amount
of sediment (bedload) reaching the meter.

Ca.'re should be taken “in lubricating meter 'bearings. Use of t'hg E R
wrong Iubricant (perbaps ncme should be used) can increase the B T
- resistance to propelier motion, particularly in cold water. It - - ‘.

. should also be established that the lubricant is reaching the

degired bearing or other surfaces after it iz injected. For scme "
- meters, ‘the mam:factirers did m:rt reccmmend lu.brica.tion of the
‘bearings. 7 -__ ‘ et

Althm:g‘h propellers are des:l.gned to pass (to some degree) weeds, _
moss, and other debris there is a 1imit to the amount of foreign

material that can be.tolerated in the flow. Even moderate amounts’
- of floating moss. and/or weeds can foul a propeller unless it is

- protected by screens. Heavy objects cen break the propeller.
With larger amounts, or certain kinds, of foreign mteria.l 1n the
wa.ter e'ven screens my not solve the pro‘blem - _

Heter Screens y Se.nd 'I‘ra.;ps

Screens "o protect meter prope:l.‘l.ers are usua.lly designed for a _
_particulartypeofturnmrtonapa.rticular canal, and to handle a

particular type and size of debris; however, screens have certain
p common features which seem to be universally desirsble and which

| ‘help to prevent head losses across the me'ber a.nd mprcrve the _

- qmlity of water. measurement.- :

- Screens usua.lly ccnsist of a metal ﬁ-ame, covered with wire mesh

" vhich fit into a& slot &t the upstream end of the turnout. - Double
" screens .(set & foot or more apart’ in smsll turnouts) are usually .
‘desirable so that protection is provided while one screen is 'being

: removed apd cleaned.' The wire mesh ususlly varies from 1- by-

57 Jodneh (No. 9 wire) to 1/k-inch galvanized hardware cloth. Open- '

7 set in the vertical position so that a winch (scmetimes portable)

- through the screens may also be usedbcu-.provisions must then be
- mede for wa.sting the clea.ning water. In large turnouts’ from

the trash pro'blens at 'l:he meter.

' ings of 1/2-inch seem to be most successful and popular. Ancrbher o
_fcmmonsizeis5'by5,or5'byll-mesh a.nde-EOga.gewire :

: ﬂna.ll screens meyr 'be set on & slope 'b'u:b larger screens should be-
' : can be used to raise ard lower the screen for cleaning. - Cleaning -
may be done’ by 'brocm, ﬂire brush,  or water Je‘b. .Reverse flow -

""Q'__'i_‘_ca.mls, traveling screens may be used to remove de'bris &l reduce_'. . -*;



Screen ares should be s minimm of 8-10 times the avea of the flow
croes section; in meny installations the screen ares is 15-20 times
the flow area and this has not been found excessive. Where sizable
head losses cannot be tolerated the screen a.rea. should be large P
f‘bhe cleaning ﬁ:‘equ.en'b or both. o

&aﬂ 'l;ra.ps, to ca.tch the nedloe.d (eand and g;ra.vel tha.t moves along
4 ~ ¢ the bottem), should be a.rra.nged g0 that the trapped material can
;' /be flushed along the meiil canal--not into the turnout. Settling

:basins to trap:the lsrger particles of suspended sediment (sus-
; pended’ in the flowing/water) may be helpful at a meter installa- I
¢ ticm. To. remove suspended sediment the velocity of the approach- -
| ing flow must be reduced to allow sediment to settle out. To
accanmplish this, fairly large and rela.tively costly settling .-
i basine are required. The advice of an expert should be obtained
'nefore coneid.ering a facility of this ty'pe Sk _

_Bead Losses

The head 1oss across & propeller meter: :ls usua.lly considered. to
“be negligible, although there is evidence that losses for open-
flow meters may run as high as two velocity heads. This is equi-
valent to 0.6 foot of lost head in a. 21+-1nch-diameter pipe carry-
ing -8 cfs. The losses for certain in-line compound and other type -
meters mey be as high as 6 to 8 feet 'of head. In general, how-
- .ever; losses sre low but it has not 'been esta.blished. exa.ctly what
o 't'.he usm lossea a:-e. S :

P00 I mny cases;: turnout losses including losses thrcugh the PiPe

entrance, screens, sapd trap, pipe, etec., are large enough to make
- the losses at the meter seem negligible. Same allowance for -meter
loases should be made during twrnouwt design, however, amd the .
meter mnufa.cttu-er can usua.ll:,r mpply the neceasery infoma.tion.

| Meter Aec x s
'.I!he accura.cy of most propeller meters , stated. in 'broa.d terms ;. :I.s

. sithin +'2 t6 5 percent of the actual flow. -Greater accurzcy is

sometimes claimed for certain meters and {this may-at times be,
;justiﬁed.. .On the other hand, it is sometimes difficult to repea.t
. calibration tests. under comtrolled comditions in a la.'bora.tory SR
" within 2 ;percem'.. "A chenge in lubricating Frectice or lubricent,
U along: wit.h a' cha.nge An wmter tenpera.ture can cause errors of this -
. magpitude. A chenge in line pressure. {(the head on 'bhe turn.out :
: entra.nce) can cauae er:r.'ors of ﬁ*cln 1 %o 2 perceut.. e




- 'Effect o:t’ meter settigg

The sett:lng of the meter in the twrncut me.;r bn responsible for

sizable errors if the meter is not carefully positiomed. A '

‘meter (24-inch-dismester pipe, 12-inch-diameter propeller, . .

- . 8-cfs discharge) set witk the hub center 1 inch off the center -~ - - .
‘of the pipe showed -an error of 1.2 percent. - When the meter R L.
was rotated 11.5% in a horizontal pleans (1/1» dnch measured on .
the ‘surface of the 2<1/2-inch-diameter vertical meter shaft :

heusing) the error wes 4 percenmt; for 25° the error was 16 per-
cent (under registration). Setting the meter (shaft housing) .

~ina: nonverl;ica.l position would 11rtrod.uce the same ﬂ.egree of

arroXrs . . } . 2

:: --Effect of :Lnit:lal ccunter settigg

" Meter ma.nu.facturers recognize that meters tenﬁ to unﬂerregis—
terafbertheyhavebeeninuse for a time and same meters are
et to read 101.5 percent.of the actual flow as their ini%iel
- reglstration. This is done in: a.nticipation that the meter will -
- read -corTectly (100 percent of the actual flow) dwring the mid-

~ dle portion of the meter's life. Meters which are readjusted

- to record e particular flow (the lower end of the scale) with

- greater aceuracy may -ceuse registmtion errors of up to 10 to\
© 15 percent at greater flows (the high end of the sca.le) Y

X ‘Effect of mpidly va.::yi_ng d.ischa.rge |

Me‘bers are most accurate when a near . constant discharge 1s to IR S
be measured. -Considersble.error can be introduced by varying L : -
- the flow rate greatly or qulckly. ' Registration accuracies may
_-vary from 97 to 102 percent of true measurement as & result of
.+ contimielly verying the flow over & significant range during
- . the meesurement perlod. The greatest error always occurs for = . -
7 low flows (at. the lower end of the meter capacity scele). o
-~ Propeller meters are always most dependable and accurate 'when
'_f_-'used in wnifomly flowing clea.n wa.ter a.ud e closed aystem '

[Effect. of furnout des_i_g_g_ 2

L0 The exa.ct posit:lon of the neter :I.n t‘he 'burnmrb anﬂ. the a.rrange - P

A4y ment of the: turncut’ are responsible for .zizable differences in o

7 meter registra:bion. ‘Since the relative location of the meter:

- }-‘,-_:jl.‘-with ‘respect to-the: entering flow.can vary, the intercepted.
~weloclity m-of:lle can -vary and different meter registrations G
‘can occur. ‘Figure 33 shows the range o:t’ accmcies that exist

for three diﬂereub types of 'r.urnm:bs. do o













> The gemetry ot‘the outlet box downstrem from the flowmeter

. ». may elso affect meter accuracy. If the outlet is sufficiently
' constructed to cause turbulence, boils and/¢r white 'Ha.'ber 'the
'meter registre.'bion my be- a.ffected. :

' Curvel of. Figure 39 shows a meter calibration where the pipe
- dischargesfirtoalargeopen'box that hes no backwater or -
o othex eﬁ’é-ct on the meter except to keep it. submerged. Curve 2
" . shows thé ealibration for the same meter using the outlet struc-
- ture shown in the sketch of Figure 40.  This outlet structure
- (showa to scale) is believed to be the smellest that can be.
‘bullt without significantly affecting the meter calibration.
The vertical step is as close to the meter as is desirable.
. Iarger om:let structures--those providing more clearance
- between the meter and the verticel step--would probably bave
- less effect on the registration. More rapidly diverging walls
(in plan) should be avoided since they tend to produce eddies
.over the meter and/or surging flow through the turnout. This
.- has been: cbserved as. & contimuously swinging indicatar hand
- ~which. follcms the-changing discharge through the meter. The .
. surging mey often be heard.es well as seen. As previcusly d.is- .
- cussed, large registration errors can occur when ra.pidly .or. ‘
_-contimnl.ly changing d.ischa.rges are ‘being measured..

l-!eter Costs, l-hin‘bena.nce

' .rPropelJ.er meter and mintemnce costs are difficult to s'l:a.'be in
. ‘terms of dollars but same relative figures mey be of velue in =
* 4 wmeking rough estimates. A propeller meter installation mey cost
"~ %wo_or ‘three times more than a welr, depending ‘on labor rates,
- and be ‘sanewhat less .costly than, say, a Venturi meter. -Two- S
- thirds .of the cost usvally is for the'meter (and other equipment R
‘s, :puch ‘&8 screens, ete.) and one-third is for installation. The . -
T _-propelle.r me‘ber will require more: ma.intena.nce than a welr or &
"1 Venturi meter.  Propeller meters'may require contimuous min'be- e
. pance which my amount to as little as %10 to $25 per yeax or
. 'several ‘times more, “In: Bome meters & single bearing mey. cost. up
‘o $T5. " To offdet ‘these costs, ‘meters bave paid for themselves . . ¢
Sl dn'as short a time &s 2 ‘months, based on the value of. the water . .
' “they bave saved. In ‘cther: areas where wa'ber :Ls re.‘l.atively plen- e
e _-?tiful they ]:B.ve never ;pa.id out -

Hunﬁ.reds of ;pro;peuer meters 'bough‘b for regular use have”been o
‘. takeniout of service ‘and stored ‘in warehcuses becaunse of miaus-_ ST
“troubles, either because the meter did not serve the pm:pose :I:‘or LR
vhich:it was purcha.sed, .Oor because: it became unrel;la.ble o’ "
inopera‘ble after a. period of service. Propel.‘l.er 'bea.ring trou‘ble
may{h difficxﬂ.t to werccmej 'cept




by means of a weJ.J.-—p:la.nned ma.in'benance program In districts
where maintenance is accepted as 1nevitable, and where bearings .
‘and spare parts are stocked for. imed.ia.te use, the maintemance
costs and problems seem to be minimm. In other districts where
personnel are unfamiliar. with meter mecha.ni, and where spare
.. parts are ordered on & one-at-a-time basis, the maintensnce costs

are thigh. ' In same cases users expect to replace bearings--they
do not consider the need for bearing replacement to be a defect
‘in the meter; in .other areas e bearing failure is ceuse for
' permanently removing the meber from service. Experience has showm
that maintenance costs ean be reduced by establishing & regilar
‘majintenance ‘progrem which includes lubricetion and repeir of =
 meters; screen cleaning, repair, and replacement (about every

.2 years); sand trap cleaning; and general maintenance of the turn-
-~ out apd its approaches. In & regular program many low-cost pre-

. ventive measures can be made routine and thereby reduce the mmber
of higher cost curative measures to be faced at a later “time.

¢ "_Choice o:l.’ l-b'ber Size

- Ihnar meters have. been ret:Lred from serv:f.ce ‘without ever having
accanplished the:Lr origina.l purpose, simply because a larger than .
- necessery meter was purchased and the meter.was not able to record
- the usual smaller deily flows. In attempting to use an e:zcist:l.ng
“turnout pipe (pipe sizes may not have any reletionship to the
_'~discha.rge to be measured) a large meter was purchased to fit the
- ‘existing pipe. The meter could then handle the maximum ;possible
.. flow through the turnout but was too large to handle the =mall
" flows that were ‘the usual daily requirement. = In same districts
., 1t has'been necessary to state the minimm flow that can be . .
- delivered a.nd measured; the user is then expected .to a.rra.nge ‘his
i . water use 80 that smeller discharges are not necessary.  Care-
_ .shcmld be teken not only to match the meter to. the: pipe slze but
- td match the meter to. the proper d.:.scha.rge mnge. . It may be
- ‘'necessary to reduce the turnmout pipe size as'a reault, but the .
- vings in purchesing & smaller meter pight help to offset this i

" cgst. If possible, the meter size should be selected so that
usual opera.tionwﬂ.loccur inthemidra.nge ofthemeter B

"J!he velocity 1n ‘the pipe shmﬂ.d be above 1.5 :E'eet per second fo:r L
‘. best performance. - If sediment is present in the water, the veloc-
ity should be even higher to minimize the added friction effect

: ‘_\'jproduced by wornfbea.rings. A meter thet. opera.tes continua:l_’l.y dn

.. the lowest range (cr: highest) wi.'L‘L not 'be as. accure.te &8 ‘one that

_;’operates in@idrange.u-_ R - P ST ;




NES'TMEASUR]I‘FGDEVICESARDTECERIQUES

VAKE DEFI.ECEICH METER

' portable vane flowmeter is on the market end, e.ccording to the
manufacturer's claims, the meter is accurate and useful. The -
- meter has been evaluated from ccmprehensive tests made under’ simu-.

lated Pield comditions in the Hydraulic Isboratory and the claims

- of the mamufacturer were found to be quite truth:ml EEhe meter
is indeed an a.ccura.te e.nﬂ. usefal device.. B0

The porhe‘ble d.eﬂector ‘vane rests in pernnnent ‘bra.ckets mounteﬂ.
~in a 6-foot-~long ditch liner, either rectengular ¢r trapezoidal -
in cross section, set in an earth ditch. Therefore, one meter
head will service any mmber of ditches of the same genera.l Tlow
capacity having liners and brackets permanently instelled. Ab_cut
' 30 sizes of meter and ditch liner are available. Each meter -
~ handles a wide renge of flows in a given size of ditch and ‘auto~-
- matically compensates ‘for d4fferent combinations of velocity and. - -
- depth.  There is negligible loss of head caused by the ditch liner

- op meter, Instantaneous d:ls:harges only may be read; no. tcrtalizing _

device is availeble. Installation is simple and the cost it -rea-
“sonable, . especia.lly 11’ several .or more ditches can be served vith
one. meter

.Since ‘the meter works on the d.eﬂection principle, wind effects on
- the exposed portion of the meter can cause serious measurement
“ ' errors unless precautions are teken. A wind break made. froara
+ plece of plwooﬁ. was found. to 'be effective in min:lmizing w:lnﬂ.--
- caused. errors. - _ _ :
: Under 1dea.1 cund.itions the’ mete:.- wa.s found to be eccura.te to
1.6 percent, and to about 3 percent under less fuvorable conﬂ.i-;-

S tions. ‘Wind produced errors. cf: up +o 190 _percent ‘but Bjmpue :pre- L

; ":.Lcetftions eliminated: practiea]ly all of this error.

l‘The meter is" dura.ble, we].'l. constructed eni should reta.in its B LT T D
.+ original :factory calibration: :|.ndefinitely I:rl:erchangea.‘ble ce.li- I R R

. brated scales are ‘availsble from the mamifectuwrer to :mﬁica.te CR e
:-cfs, g]:n, miners. inehes, acre-feet per da.:r, etc., L

The ecnplete -eva.lua.tion of the meter :I.s ava.ila'ble to '.Bureau

;.§employees in a. restrieted. repo:rt, Ebrﬂra.u:l_'lc Iabora.tory m;port
,*_}Ho. R—Hyd—lo, dated .Iuly 20, 1962.. ‘This may be obte.:!.ned 'ny

Reclame.tion, Demner Federa.l Ce:rter, Demrer, Coloredo. '.-;:




D]I.'IIEICN MEJ.‘H@

. In making the usual water measwanent it is necessary to megsure
head, velocity, ‘eross-gectionsl area, depth, meter revolutions or
. seme factor(s) that may be difficuit to memsure, because the meas- -
- urement must be made in, om, over, or benesth the flowing water.
One method of determining discharge that circumvents the need for .

- meking difficult measurements is the diluticn method.: In this

- method & substance in concentrated form is introduced into the
flowing water and allowed to thoroughly mix. At a downstream _
gtation a sample is teken, and from the d.egree of dilution of the
concentrate the discharge is canputed ‘Since only the ‘quantity
of weter necessary to accamplish the dilution is involved, there

s no need to measure velocity, depth, hesd, cross-sectional area '

or any of the other hyﬂraulic factors usua.u.y considered in a d.is- '
charge mea.surenent ;

Me.ny different substances bave been used. in dilution tests. : :
- Chemicals;: inciuding ordinery salt, have been used and the dilu~.

. tion hes been evaluated by the change in the ability of the '
Flowing water to conduct an-electric current.  Or chemicels such =~

a5 sodiun dichromate have been utilized and the guantity ina
: sample ‘determined by means of chemical anelysis or flame photom=

- eter dete:mination. - Soddum . dichramate has ‘been recamended for

.- use in many waters because it is stable and chramfum ions do not
‘- ordinarily ‘appear in natural waters.” Dyes have been used to

. .color the water. and colorimeters and ‘camparators . have esta.‘blished

the ‘d1lutions by can;paring the sa.m;ples with standazd concentra.ted.
kordilutesolutions R S S :

' Fluoresein dye, Rhodamine B dye, or Pontacil Pirk dye have been
-used. The latter two are very stable, do not -occur in nmeture and

- can be:simply and accura detected by means -of a fluorometer

Sida Very: 1ow concentra.ti one pa.rt. in 8: million or bet'ter is

’.:Raaioisotopes are’also being used in. ailution ‘tests and the degree |

of -d4lution is. determined by counting the ‘gamma rey emissions ﬁ-m S

" the dilirted 1sotope ‘salution (the: dewnstrean :flov): using Gelger
. counters or scintilla.tion ‘counters. ' Since the counters can at.
“best account for only the emissions in’ the sphere ‘of ‘influence
:vlaurrounding “+he ‘counter device, ‘and ‘since -the understanﬂing .of

7 the raﬂioisotqpe method invalves ccmplete -comprehension .of the RN
.+ laws of probability and. of: m‘bhematical ‘and:-physical derivations:

'beyond the 'scope of this paper, no a.ttempt will be:made here. to_
explain directly: the theary: behind the radioisctope method of

making discharge measurements.  However, -considerable comprehen- R




" involved in making & djltrl;ion diac]:a.rge detemination. Figure 11,
"Dilution Method of Measuring Discharge,” ﬂlustmtes schemati-
'ma.lly the use of the dilution method.

A relatively 1a.rge qua.ntlty of chemical or d?e, ca:l_’l.ed 8 tracer, _

. is dissclved in e small quantity of water and placed in a bottle
80 that the tracer sclution can be discharged into the flowing -

. water at a known rate. A cenal is illustrated -in ngre 3h but s
_ pipe or pressure pemstock could also bave been showm. - In eithe:-
.. case the d.ischarge to be mea.sured is referred toas Q. . _

ﬁeighb of - tracer’

.. The concentration (we ebt oF water ‘of tracer in the bottle is

" “’a ratio 'C, . The rate of injection (cubic feet per second) is - N
- To acccunt for any tmcer which might elready be in the upstreem
_ ﬂow, the original tracer concentration will be celled C - At the
dewnstream station shown in the figure it will be assumed t]:a.t '
L ‘thorough transverse mixing of the tracer with the flow has taken
. .plece. Since no flow has entered the canal during the mixing of -
7 the: tracer and since no loss of flow has occurred, including seep- -
- age losses; the upstream Q is the same as the downstresm Q plus
o the cquantity of added tracer. The concentration of tra.cer a.t the o
_'&ownstrea.mstation:.s C.._ : : - L

"The sbove conﬂltions my be sta'bed. ina sim:ple relationship--the
AR ‘canal d.ischa.rge Q multiplied by the concentration of upstream -
tra.cer Co» Dlus. the injection rate - qy multiplied'by C, the
" tracer concentmtion in the bottle, are equal to the qmntity Q-
. plus g, multiplied by the concentration - €, at the downstream
‘Bta.tion. Ino‘hherwo:ﬂs ' s B o

Qc°+q,_cl=(q +g1JCP_ o

Erin
s
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- In effect, Equation (8) states that the discharge in the canal
(pipe conduit or other) may be cbtained by muiltiplying the injec-
tion rate of the tracer by a ratio obtained from three concentra-
tion values. There is no need to now or measure canal velocity,
depth, cross section or any of the usuel hydrauwlic elements. A
thorough understanding end realization of these facts is the key
%o understanding the dllution method of measuring discharges.

B 'RADIOISUEUPE :

Radioisotopes may be used in place of & chemical or d.ye 'brace:r: and
‘the same general procedures followed. Figure L2, "Radioisctopes
‘Total Count Method of Measuring Discharge,” shmrs all the elements
. ‘necessary to make & radiosotope discharge measurement. The Fallow-
- ing explanation may help to explain the procedures. In the "pulse”
or "total count” method a known amount of radioisctope A {cor-
. resporﬂing to C ql) is Introduced into the flow ina relatively
.. short time. At the ‘measuring station downstream vhere the rzdio-.
- ipotope 1s thormighly mixed, the concentration of the radioisotope
 tracer is determined from the geamms ray emissions detected and -
.- counted by Gelger-Muller or scintillation detectors. Where C
. was a constant of concentration in the chemical dilution Eq'_nation (8)
“the concentration of radioactivity in the pulse is & variable with
respecttotime '.'I!‘mm, s in the latter case must be measured

“with reapect to t:lme. ' In mathematicsl terms this. may be 'written

f“ f

. In prepe.r:i.ng for a d.isc‘harge cletemimtion test, the Geiger or

- other counters. nmst ‘be calibrated, teking into account the exact.

. conditions under which the counters will be used. The counters= .

" are submerged in a.lerge container filled with a mixture of water -

. snd radiolsotope of known concentration. The conteiner must be
‘.1a.rge ‘enough that any further increase in volume would not change

.’ the counting rate.  Determination of the counting rate in this mn- _

S nar aimla:bea the a.ction of the caun'ber in a. ca.na:l. where the -







- In prepering A, a-large known quantity of isotope (gold-l95--

- 8alts dissclved in agqua regia) in ligquid form is divided into parts
known as aliquots, using a portable field laboratory containing a .

standardized counting system. The individual parts, A, are usually
contained in 1 pint plastic bottles aepd are transported to the

- test site in mm‘ners sufﬁ.cient for the discharge measurements.

"Inmking a mea.mmement 1n a cansl the bot'l‘.les a.re hanﬂled with
tongs ‘ebout 3 feet long and the isortope is introduced into the
canal by pouring onto the water surface. Scmetimes the isotepe is
contained in glass bottles which are smashed in an. impact device

" below the surface of the water. When possible the isctope 1s.

© introduced at a ‘Point where turbulence can aid in the mixing,
. Pigure U3. .Puwrtulent water aids dispersion and thorough mixing
voof the ndioiaotope with the ﬂawing wa.ter. ‘

- To: ohtl.:tn a tuta.l cmnrt., ll, the connte received from natm'al -
~ sources such as coemic rays (ususlly called background) must be .
"nea.au:r:ed before and after a test and the background count sub-

_ “traeted from the overall totals irdiceted. Therefore, counting
48 usually ste.rted well before the time of arrivael of the diluted

= -"isotcpe and is continied long after the isotope has departed. -
" Reeording of the counting is not usually stopped xmtil the ‘baek-

-grannﬁ. ln.s receded to pretest levels.

" Geiger counters (:I.n a bundle) ‘and & porta‘ble decade scaler: Por
' totalizing the gamma ray emissions are shown in Figure bb. A
- . "FMgure U8 shows the easy-to-resd mmbers on the por‘l'.a.ble decad.e o

'--scaler which :I.micate 'bhe tot.al count. _ L

o ';_".Eharuugh mix:lng of 'bhe isotope with the’ :Elcm:lng water is of pri- -~
.. ‘mery importance in- obta.ining accurate measurements. In canals 1t @ -

is very. difficult to obtain sufficient mixing because of the 1ack

B of turbulence, a characteristic of a well-designed canal.’ '.l'he

1sptope tends to string out in a‘long line rather than extend:

- 1tself laterally. -Studies are presently being made (throughout' o

. the world) to determine the length of canal or river needed to

. cbtain satisfactory mixing. ;Equations ere being derived and -

investigated to ‘determine: whether it is possible to predict. the
“lengths required for a'given set.of initisl conditions. Less -
~.aifficulty in o‘btaining sat:lsfec‘bory mixing bas been ez:_per:lenced
dn pabural streams and in pipelines beceuse of the higher veloc- - .

~itles Which uswally prevail anl the correspondingly grester imten-

-‘.'sity ‘of. 'l:urbulence. L T6 may be neeesse:w to use turbulence’ 1nd.ucers
when' wor!:!.ng in ee.mls, mrtieularly if; they are. checked up, or .
are discharging &t less “than ‘maximum ‘capacity. Ina typlcal’ ca.nal

discharging 300 to 600 cfs the reguired mixing length in airecent

set of tests was found to be less th&n‘2,000 feet._ In other Z_;:__;'i‘j;"_ L




Figure l;3 P-212-D-36460 NA

Turbulent water aids dispersion and mixing of the radioisotopes and water

Figure LI P-50-D-31948

Radioisotope detection and counting devices being developed and used
in Bureau of Reclamation tests

Sh-80




. 'PORYABLE
SECADE SCALER
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Figure 45 P-50-D-31946 NA

Dial on portable decade scaler indicates total count

Figure 46  P-50-D-31943 NA

Radioisotope detector and counter installed for canal discharge measurement

sL-61




A

ce.na.ls :!.nsufficient mixing has occun-ed in a length of 5 ,000 feat.
It would be desirable to reduce the required length as much as

possible in order to incresse the mmber of possible test sites .
end elsc because absarption of :I.sctl:upe by materials such as earth,

= . conerete ‘or Beﬂ.:lment might a.dveraely af.fec'b the a.ccmcy of the

‘mea.surement.

| :"I'he mdioisotope used in Bureau of Reclmmtion tests is Go1d-198

“™is 1sotope wRe selected because it bas & half-life of {5 hours,
can be detected in weak concentrat‘!.ons, is cheap, and:1s easy to
obtain. . In the concentrations used, the isotope is. practice.]_ly
ha.mless after it is introduced into the flew. Ia case of an

. accident only a few Gays would be required to dissipate balf of

its radicactivity (balf-life) and in another few days half of the
remaining activity would be d.:l.suputed. No danger to mman,.

animal, ‘or fish life exists, “hcvweve.r, since the radicactive mete- B

riel is hapdled in such a way by 1ic.ensed persomnel that only
swall quantities aie .concentrated’ in amr one area. Concurrence

~oof a.ll :pufblic hea.].th agencies is alﬁays obtained before ary tests

.\:\‘

- Other :lsotopes ‘which bave been used by othér investigatora and
" which could be used in d.iacharge debemim:t;lon tests are: icdipe- -
131, socdium-24, and bromine-82, bat these are more expensive and -

have gert.ain other less desirable characteristics. The latter

" costs.about $3.75 per millicurie.* The minimm cost.of Gald-198

(depending on quantity purchased) is ebout 6 certs per millicurie.
In terms of a field test, the minimm cost of Gold-198 is about

60 certs per 1,000 ¢fs to be measured; the quantity of isctope -
used is based on cbteining statistical counting mceuracy within -

.. ebout 2.6 percent. (If there are too few emissions to count the -

: . background count-becanes a significant part of the total count; -
R a.'.l.so, the lower: the total count the greater the chance for: error. ) B

'Greater possible statistical a.ccu:r:acy, which my or. may not always '
 be justified, could raise the cost to &s much as 5 per 1,000 cfs.
" of-discharge. Considering practical limits, very little gainin =
. .~ possible statistice.l accuracy ‘can be: expected when mere tha.n $2
- worth of Gold 198 1y used pe.r 1,000 efs.

\ . "'*E’he a.ccura.cy o‘.l’ the resulta achieveﬂ in us:l.ng 1so'l:o;pes to measure -
;ca.m_il diacha.rges in over 140 tests has, 1in general, been’ encaurege-_‘

dng. If therough - transverse. mi:d.ng of the isotope with the flow

: 'can be assured., mea.surement a.ccura.c‘y ‘of 99 percent can be a.chieveﬂ. '
---_-_'---.ECdn:;arisons .of - isotope d:lscha.rge deteminations with opera.tional" i
discharges, current meter measurements, or other means, have: been

used ‘to evaluate the 1autope tests. Tt is belleved that the -

_._'laotope methcd-"shows ree.l pranise of becaning a rm:.tine method

. __'--Recent price cha.nges ma.y a:ffect 'this ﬁ.gure '.Ehe relative costa N
Vof va.ricus iaotopes ‘would. remain a.pproximately the same, however. - -4;1,‘ g

,=_'( o
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baving gvaranieed accuracy limits which are comparable to other
devices apd methods. Figure 46 shows the detection and ccmnting
equi;ment in cperation -1 medium-aize ca.na.l :
o 'I‘he greatest deterf}ent to o'bta.imng consis;.ently a.ccurate measure=
ments hais bean the” ‘inability to obtein thorough trensverse mixing.
" Work orn’this phase of the problem is continuing, both as & research
" subject in the laboretory &rd as & test problem in the field.. :
- Tests on devices to produce or introduce turbulence into canal
: "*‘lofra have not been made, mainly because every attempt is being
| e “made to keep the measuring procedure and equipment as simple as
possible. However, it may be necessary to provide tnrbulence—
inducing injectors which utilize an externmal source of energy,
such as an air blast, to start the eddy action which pmotes
transverse mixiag. If this can be done with simple and reliable. :
. equipment, the problem of adequate mixing will be greatly simplified.

Considering all the factors involved in making any type of discharge
determinaticn, it may be seen that the radioisotope method shows
- promise of being developed into & simple procedure, requiring a.
minimm of time to execute, and providing maximm possibilities
‘for being sccurate. Eventually the radioisotope discharge deter-
 mination development program will be expanded and injection equip-
ment will be developed to introduce redioisctopes into pipelines .
or penstocks flowing under high hesds. Pipe capacities, or. turbine
or punp efficiencies could be detemi aﬂ. as an ultimte goa.l oi'
_the ra.dioiaotope discha.rge Iethod develoment progrm

Aemticﬂameter _' o s

cmercia.l deve_'l.o;nent of a.coua'bic ﬂometera he.s progreased _
. repldly s:l.nce the practical nature of the method was realized .
“‘about 1950. - Systems for small pipes (up to 10 inches) have heen
availsble but in 196k a system was installed and experimentally 5
" eveluated in a 2h-foot-dismeter steel penstock at Oehe Dam on the -
! Missourl River with satisfectory results. - An open chamnel acous-
tic' flowmeter has been installed in the Delta-Mendota Canmal of .
. the Central: Ya.'.l.ley ProJect by Govermment agencies. Resea.rch and
: d.evelopnent of the systen shows pramise that the principle -
y utilizea\ 4n. the p:l'pe aystanﬂ mey be satisfactorily applied to
. 'most ‘open chennel discharge meesurements. Comprehensive studies
- of both open-channel and closed-conduit types of acoustic’ met.ers
T are contiming with -the expecta.tion that the method can be -
. . applied Yo measuring :I.a.rge discha.rges 1:1 bo'l:.h o;pen-channel a.nd
cloaed-conﬂ.uit syatms _

"--'-'-.fffA.coustic f.!.omter systans are expecte:l to offer, even‘hm.‘l.lar a
o rela.tivd.y inexpensive 3" rapid. and relie.ble method ot meesuﬁng




discharges in large pressure conduits ard in large canals. The
system uses the iple that the difference in time of arriwal -
of two acoustic (sound) pulses traveling in opposite directions
through the water can be related t& che water velocity. Figure 4T
shows a schematic arrangement of an acoustic meter installation
in a pipeline. In one direction the water flow velocity increasges
the speed of the acoustic plus (c+vV ) vwhile in the other direc-
‘tion the flow velocity deleys the arcivel of the pulse {C - V).
Acoustic transducers are used to transmit and receive the acous-
tic pressure energy along cbligque upstream and downstream paths

in the chanpel or conduit. The accuracy of the system depends on
~positioning the transducers to obtain a true average velocity in
the pipe or canal. Several pairs of transducers may therefore

be required to cbtain the true aversge velocity if the velocity
“profile in the conduit is not symmetrical about the centerdine . of
the conduit. In an open channel the transducers mmst be raised
‘or lowered as ‘the ﬂ.mr depbh changes to cmpensate :ror a changing




Acoustic systems are being developed that can operate over a range
.of conduit diameters or open-channel path lengths., . The power
supply, transducers, and velocity reed-out components can be made
~ compact for ease of installation in the siructure. Fower require-
ments have been reduced so that a 110-volt supply source can be
used. There are indicetions that velocities can be measured with
1 perceut accuracy. Conseguently, discharges may be determined

- with considereble accuracy depenﬂing on 'bhe veloc:lty proﬁle at
-the measuring sta.tion.

"E-netic nmter :

lfsgnetic ﬂ.umeters are used camercia:l.ly in chan:!.csl and process
industries to measure and proportion liquids used in manufactured
products. Recently with the increased cost of irrigationm, mmic-__ '
ipel and industrial water, megnetic flowmeters are being con-

- sldered for 'use as turnout measuring devices.

' The operating principle of the metar 15 based on Faradey's law

of induction, in that the voltage induced across any conductor

. moving at right angles through a magnetic fleld is proportiomal
' to the speed of the conductor. The principle is the same as used
- :ln d.i.rect a.nd. altemsting-current generstors. .

'In the ﬂ.mmeter, vater flows through a nomagnetic tube Hh:lch is
surrounded by a magnetic field, produced by electronic circuitry

. contained in the flowing water, which induces an alternating-current

voltage between two electrodes located in the tube walls. The -
. voltage produced is proportional to the speed of the water in the
tube a.nﬂ. is used to 1n11ca.te and reco:nﬂ. the rate or volume oi’ ﬂow._

. Magnetic ﬂwmeters are supplied. in sizes ranging from sn inch or
. less to seversl feet (dlameter of the nommignetic flow tube).

Development of the meter is contimuing apd considerations are -
' ‘being given to installing electrcmegnetic coils and electrodes on.

. the inside surfaces of existing concrete pipes to form lsrge low-
' _.meters for use in pumping pla.nts or d.istri‘b-lxtion systans

' Aceurscy of the mmaller flowmeters bas been shown by cslibrstion

' to be relatively high. Calculations indicate that the accurecy

of large meters should be high and attempts ere being made to

‘establish the accuracy of meters having diameters of 10 to 15 feet.

The discharge measurement range. of apy particular meter can be
- extended by suitable switching in the electronic controls, to as
~ muach as 30 to 1, a definite advanta.ge in most installations. A

. minimm velocity of about 0.5 fps through the flow tube is desir-

~ able for producing a smrﬁc:lently high voltege for an accurate

' * discharge measurement. - The meter will operate below the O. 5—r:ps |

L -.-:.;:‘.range but with d.ecrsssed sccurscy. T

o



Contrary to most meters little effect on the accuracy of the flow-
meter is caused by ‘elbows, gates, or valves located within a few
pipe diameters upstream from the enmirance to the meter flow tube,
ar near the outlet of the tube. The head loss in the system
caused by the meter is negligible; is no more than the loss pro-
duced by the same length of pipe of similar roughness.

CWCI-USICNS

It is difficult, 1f not impossible, to eatablish definite rules.
which apply generelly to water measurement procedures and equip-
ment. Similerly, one meesurement device cannot be recommendied
over any other device until all varisbles at the particuler-
instellation site are considered ernd properly weighted. It is
therefore necessary for each operator to lesrn as much as possible
_ebout the device he is using and to evaluate the effect of each
_va.riable (at the pa.rticular site) on the measurment he is mking.

mch o;perator must learn to lock o'b.jectivdl.y at his equipment and
procedures. He must be able to "see™ that his equipment is run
‘down &pd in need of maintemance or that his measure=ment procedures
are not compatible with what he is trying to measure. He should’
‘become familiar with various types of measuring equipwent, learn
~ the advanteges and dissdvantages of each, ard decide whether the .
existing equipment is the best for the job at hand. He showild
try to find fault with his equipment and every step he uses to i
- make a discharge measurement, and try to improve wherever possible.
This means thet he must understand the basic measurement he :I.a '
trying to make and:then modify, if necessary, his methods of
- getting it. He should try to understard why he is doing the
- things he does ard develop confidence in his knowledge. He should
read available literature as much as possible to get backgroand. k
information on water messurement. He will thereby not only cbtain
more meaningful infomtion, but w:l]l a.lao have the Ba.tisfaction

':of knmr.[ng his Jo‘b 1is well d.one.

REFERENCES

The following pu'bl:l.ca:bions are suggested as an a:ld 4in acquiring
‘background in water measurement practices. The items bave: been
_ selected. to provide’ practical help or background information, or

S both, ‘and -should be of value to both new -and experienced Personnel. '
. Copies mar be ‘obtained from.a public 1library or fram the ;sources -

- listed. . :The textbook- cha.pters referred to are not difﬁcult to

' read and will supply background zaterial in gege reading problems
ooand ea:amplea, .orifice theory, gate and tube :problems, a.nd infoma.-.

_tion on head. losses an:l o‘bher flaw phepanena.
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!Ehe Burea.u reporl:s conta.:ln -_nra.ctica.'.l. infm-ma.tion perba.in:l.ng to
' d.isclm.-ge messurements through metergates and constant-head turn-

. out .orifices: vh:lch can be applied to field: problems’ directly. Im -
_"ﬁ.ct, 8- canplete unalysis of the flow through screw 1lift vertical

. metergates is contained . in-these reporl:s and may cover specific

. prcblems ‘encountered in your area. -The report on the constant-

head -orifice turnout co:rl:ains calibmtion data and. apera.ting

o Anstructions.

The tex‘b‘booka are ava.ila.‘ble in most pu‘.blic l:l.'bra.ries anﬂ. the

reports should be on file in your Bureaun reglonal office or proJQ. _ |

. ect .office, or can be cbtained fram the Technicsl and Foreign

_ 7 Services Branch, Bureau of Reclamation, Demver Federal Center,

- Denver,: Colorado, 80&5.

B :'I'bemsl,_a amﬁBa.rewJ.ua.hlea.sha.ndbooksanﬂ.wmlﬂ.beofpam '

" nent value as reference books.  The principles discussed will be '

- -found ‘helpful in. mﬂ.erﬂ-banding o.nﬂ o;pemting almos'h every t.vpe of
-meamu'ing d.evice. _ :
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& . ~ the- I::rberior, Bureen of Reclsmation, First Iﬂition,
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., Pransactions A.SHE, .Yoltme 18, 1926, Tage 939




Ph.rslnll Flumes of Ia.rge S:Lze, R. L. Pe.rsha.].‘l., ‘Bulletin
‘}26~A, March 1953, U.S. Department of Agriculture,
Cu‘.l.oraﬂ.o Sta.te 'Ehivers:l‘l:y, Fort Collins, Coloraﬁo
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- Pulletin 488, U.S. Department of Agriculture, -~ -
Coloraﬂo Stete University, Fort Co].'l.ins, Colaoredo

‘ Mea.sureanent of Debris-laden Stream Floir with Crit:lm.‘l.
~ Depth Flwmes, H. G. Wilm, V. 5. Cotton, amd H. S.
| Storey, Trensactions ASCE, Volume 103, 1933, pege 1257

Wm.-ld. Practiees in Ha.ter Measurement at '.Emrnmrba, C. W.
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a.nd Dra.inage Division, Volume 86 J'une 1960, Part 1

Cmmon Errors in the Kea.surement ‘of Irr:lga.tion Water,
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September 1957 ‘

B;yd:anﬂ.ics, Fifth Biition, King, Wisler a.nd Woodburn, :
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e :;_17.[ F.l.mr cm.m.c'beristics amd’ I.imitations of Amco Heterga.tea, b
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_ I‘J.aw Cha.racteriatice ine Pipel‘lne Ilcm:stream fran a
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" CONVERSTON PAGTORS-—SRTTISH TO METRIC UNITS oF MEASEMENT

The fallowing conversion factars mdopted by the Buremn of Aeclamation are those published by the American Society for. .
Teoting apd:Materials (ASTK Metric Practice Gulde, January 1964) etcept that additfcnal factors (#) ctmmonly used in
. the Bureau have 'been added, . Further discussicn of definitions:of quantities and unite is glven on pages 10-11 of the
. The metric writs and conversicn factors adopied by the ASTM are based cn the "Irternational Syeten of Uplte”: (designated - -
" ST por Systese Toterpatical d'Tnites), Ixed by the Intermsticne]l’ Comuittes for Weights axd Memsures; this gystem is .
" . aleo known aB the Giorgl or MESA (wetér-kllogran (mmss)-second-anpere) oysiem. This mysten bas been adopted hy the - e
-The metrdc techrios) unit of force is the kilogram-force; this ie the forcs which, when mpplied to a body baving e "
[ mass of 1 ¥z, gives it en acceleration of 9.80665 m/bec/sec, the standard eccelerstion af free fall toward the earth's
“cegter for ‘sea.level mt 45 .deg latitule. - The metric unit of force in SI-uulte is the newtan (K), which 1p definel'as ..~
that -foroe which, when aprlied to a body heving ¢ mars-of 1 kg, givea it en accaleratior of 1 weee/sec, These umts .
‘must be distinquished from the {incomstant) local weight of a body: that 13, the wedght of a :
‘body is -that' farce with which a body iz etiracted to tle earth end is k
', ncoaleration: - fowever, bocauss it is gepersl practica to use Mpound BEE
" correct term “pound-forne,” the term Tikilogran': (or derived mess urdt) has bean used in this guide lnstesd of "ktlogram-
;. ferea® 3n. poing the comversien factors for forces. The newicn ymit of force will find incressing : .

6,456 (exnotdy) . . .-
. 929.03 (exaatiy)w.,
. 01092903 (amanty).
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